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This  study  of  transit  transfer  policies  was  prepared  in  the  Boston, 
Massachusetts  office  of  Charles  River  Associates  Incorporated  (CRA)  for  the 
Transportation  Systems  Center  (TSC)  of  the  U.S.  Department  of  Transportation 
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Principal  Investigator.  Robert  Casey  of  TSC  served  as  Technical  Advisor  and 
Monitor  for  the  study  while  Stewart  McKeown  was  the  UMTA  Study  Manager. 
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contributed  much  of  the  initial  study  design,  as  well  as  substantive  reviews 
and  revisions  of  study  outputs.  Michael  Nelsoh  directed  the  study  oh  a 
day-to-day  basis  and  was  responsible  for  the  preparation  of  this  report. 
Michael  Mahdel  cohducted  the  interviews  with  transit  professionals,  performed 
most  of  the  subsequent  analyses,  and  contributed  draft  material  throughout 
this  report.  Thomas  Parody  participated  in  initial  study  design  and  planning 
activities,  while  Jean  Bel  ding  organized  and  edited  this  report.  Other  major 
CRA  contributors  included  Mary  Ann  Buescher,  Janet  Fearon,  Robert  Scheier, 
and  Kathryn  Davenport,  Publications,  and  Diane  Kemski,  secretarial. 

Although  CRA  accepts  full  responsibility  for  the  information  presented  in 
this  report,  the  study  would  not  have  been  possible  without  the  cooperation 
and  assistance  of  many  other  individuals.  In  particular,  Robert  Casey  (TSC) 
provided  many  helpful  observations  and  coordinated  the  reviews  of  the  draft 
report  conducted  by  UMTA  staff  and  others.  The  innumerable  and  invaluable 
contributions  of  time  and  insights  by  the  many  transit  professionals  who 
participated  in  this  study  are  also  gratefully  acknowledged. 
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EXECUTIVE  SUMMARY 


Introduction 


This  stuay  investigates  the  cost,  ridership,  revenue,  and 
user  satisfaction  consequences  of  alternative  transit  transfer 
policies.  A transfer  policy  consists  of  a set  of  operator 
actions  involving  vehicle  routing  and  scheduling,  transfer 
cnarges,  information  for  passengers,  and  terminal  facilities, 
wnicn  affects  the  movement  of  passengers  between  transit 
vehicles  as  part  of  a continuing  trip.  Under  ideal 
circumstances,  transit  would  carry  all  users  directly  from 
tneir  origins  to  their  destinations  without  requiring  a change 
of  vehicles.  however,  given  the  geographic  and  temporal 
aistribution  of  trips,  such  direct  service  is  of  course 
uneconomical  for  transit  to  provide.  Therefore,  operators  must 
unaertake  some  set  of  actions  (a  "transfer  policy")  to  serve 
transferring  passengers. 
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This  stuay  has  the  following  major  objectives; 

• To  aescribe  and  summarize  the  transfer  policies  currently 
in  use  on  Li . S . transit  properties; 

• To  Identity  reasons  why  properties  use  or  do  not  use 
particular  transfer  policies; 

• To  Determine  the  consequences  of  alternative  transfer 
policies  in  different  settings;  and 

• To  analyze  and  identify  situations  or  settings  in  which 
particular  transfer  policies  can  be  applied  beneficially. 

Study  Approach 

The  information  in  this  report  pertains  to  bus/bus, 
bus/rail,  and  rail/rail  transfers.^  It  has  been  collected 
through  a series  of  telephone  and  on-site  discussions  with 
experiencea  transit  professionals  on  39  different  properties. 
These  Discussions  have  elicited  informed  operator  opinions  and 
results  of  previous  on-site  studies  concerning  the  effects  of 
alternative  transfer  policies.  Discussions  were  held  with 
operators  of  a cross-section  of  U.S.  transit  properties, 
encompassing  a wide  variety  of  environments,  attitudes,  and 
policies.  ^articular  care  was  taken  to  include  properties  that 
had  implemented  noteworthy  transfer  policy  initiatives. 
Literature  is  also  referred  to  whenever  appropriate. 

^ In  general,  bus/bus  transfers  will  be  referred  to  simply 
as  "bus"  transfers,  while  transfers  involving  rail  as  either 
the  originating  or  connecting  mode  (or  both)  are  "rail" 
transfers.  In  this  study,  "rail"  includes  rail  rapid  transit 
as  well  as  commuter  rail. 
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loentifying  the  multiple  effects  of  a particular  transfer 
policy  IS  made  possible  by  studying  transfer  policy  components 
inaivioually  first,  and  then  in  combination  when  their  effects 
interact  or  when  tney  are  logically  used  together.  Transfer 
polici'  components  are  the  basic  building  blocks  that  make  up 
transfer  policies.  Eleven  transfer  policy  components  are 
examined  in  this  study; 

A.  Routing  Components 

1.  Distance  between  routes  at  transfer  points; 

2.  Througn-routing ; 

B.  Scheduling  Components 

3.  schedule  coordination; 

4.  Dynamic  control  of  departure  times  at  transfer  points; 
b.  Timed  transfers; 

b.  Scneaule  adherence  on  connecting  routes; 

7.  Service  frequency  on  connecting  routes; 

L.  i-ricing  Components 
b.  Transfer  charge; 
y.  Use  of  transfer  slips; 

D.  Information  Components 

10.  Provision  of  schedule  information; 

11.  Marketing  initiatives. 

Tnese  transfer  policy  components  do  not  exhaust  the  list 
of  possible  operator  actions  that  affect  transfers.  The 
remaining  ones  (such  as  transit  shelters,  terminal  facilities, 
ana  temporal/directional  restrictions)  were  omitted  from  the 
scope  of  this  study  at  the  outset  due  to  limited  study 
resources.  However,  they  are  reviewed  briefly  in  conjunction 
with  several  of  the  above  components. 
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Summary  of  Results 


for  eacn  of  tne  transfer  policy  components  listed  above, 
mere  may  be  a number  of  distinct  variations  that  are  unique  in 
meir  scope  or  impacts.  In  Figure  ES-1,  the  operator  effort, 
cost,  user  satisfaction,  ridership,  and  revenue  consequences  of 
each  Of  these  variations  is  summarized.  Each  variation  is 
aescribea  in  this  executive  summary  in  separate  sections  below 
for  eacn  cransrer  policy  component. 

On  any  particular  transit  property,  the  demand  for 
transferring  clearly  influences  the  type  of  transfer  policy 
aaopted.  Relevant  transfer  demand  characteristics  include  the 
following : 

• The  percentage  of  riders  who  transfer  (i.e.,  "transfer 
ra te" j ; 

• Their  socioeconomic  and  trip  purpose  characteristics; 

• Transfer  point  locations;  and 

• uirectional  and  temporal  characteristics. 

The  transfer  rate  is  the  percentage  of  transit 
person- trips  which  involve  transfers  between  transit  vehicles . 
often,  the  transfer  rate  cannot  be  calculated  directly  from 
available  aata,  but  rather  must  be  estimated  from  transfer  slip 
aata,  passenger  counts,  or  special  surveys.  Data  problems 
induce  transit  pass  users  who  do  not  utilize  transfer  slips, 
or  ricers  who  transfer  more  than  once  in  the  course  of  a trip. 
In  general,  however,  it  is  possible  to  obtain  reasonable 
estimates  of  transfer  rates  on  most  properties, 

tor  Dus/bus  transfers,  the  average  transfer  rate  on  the 
properties  interviewed  is  approximately  21  percent.  Several 
properties  have  a transfer  rate  on  the  order  of  5 percent, 
while  transfer  rates  as  high  as  50  percent  were  observed.  The 
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Figure  ES-1 
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Figure  ES-1  (Continued) 
SUMMARY  OF  STUDY  FINDINGS 
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Figure  ES-1  (Continued) 
SUMMARY  OF  STUDY  FINDINGS 


Operator 

Option  Effort 

Cost 

User 

Satisfaction 

Riders hi p 

Revenue 

DYNAMIC  CONTROL 
Bus 
Alone 

0 

0 

0 

0 

0 

With  Other  Options 

a 

a 

a 

a 

a 

Rail 

Informal  Holding 

0 

0 

0 

0 

0 

Formal  Meeting 

a 

a 

0 

0 

0 

Formal  Holding 

a 

a 

0 

0 

0 

TIMED  TRANSFERS 
Bus 

Simple  Timed 

0 

0 

a 

a 

0 

Transfer 
Pulse  Scheduling 

a 

a 

a 

a 

a 

Line-Up 

a 

a 

a 

a 

a 

Neighborhood 

a 

a 

a 

a 

a 

Pulse 

Rail 

a 

a 

0 

0 

0 

SCHEDULE  ADHERENCE  (+) 

X 

a 

a 

a 

a 

SERVICE  FREQUENCY  (+) 

a 

X 

X 

X 

X 

TRANSFER  CHARGE  (+) 

0 

0 

-a 

-0 

0 

USE  OF  TRANSFER  SLIPS 

0 

a 

0 

0 

0 

Bus 

0 

a 

0 

0 

0 

Rail 

a 

X 

0 

0 

0 

Table  continued  on  following 

page. 

7 


Figure  ES-1  (Continued) 
SUMMARY  OF  STUDY  FINDINGS 
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size  ot  tne  property  has  a large  effect  on  the  overall  transfer 
cate.  wot  including  properties  that  currently  use  timed 
transrers  extensively,  large  bus  properties  nave  a much  higher 
average  transfer  rate  than  small  properties  (20  percent  versus 
12  percent) . Bus  properties  which  currently  use  timed 
transfers  extensively  are  uniformly  small  properties,  and  have 
a much  nigner  transfer  rate  (28  percent)  than  either  large  or 
small  nontimed  transfer  cities.  Also,  bus  properties  that  do 
not  cnarge  for  transfers  have  a higher  average  transfer  rate 
than  tnose  that  do  (22  percent  versus  18  percent).  In  many  of 
tnese  cases,  tne  causal  relationship  is  not  clear.  That  is, 
ratner  than  the  action  causing  a higher  transfer  rate,  the 
presence  of  a nigh  transfer  rate  may  cause  a property  to 
institute  options  such  as  timed  transfers  or  a zero  transfer 
cnarge . 

tor  Dus/rail  transfers,  tne  transfer  rate  tends  to  be  much 
nigner  than  for  bus/bus  transfers,  with  an  average  rate  of  47 
£-ercent  ooservea  on  the  properties  interviewed.  Most  bus/rail 
transfer  rates  are  in  the  range  of  4U  to  50  percent,  except  for 
hew  yorx  City  (lb  percent),  where  the  heavy  rail  coverage  in 
aannattan  and  parts  of  Brooklyn  allows  passengers  to  walk  to 
ana  from  tne  subway. 

Riders  tnemselves  who  transfer  vary  by  socioeconomic  and 
demographic  groups.  Low-income  riders  transfer  more  often  than 
nigher-income  riders  on  today's  U.S.  transit  properties.  A 
reasonable  rule  of  thumb  is  that  riders  with  household  incomes 
below  $15,000  (in  1980)  have  a transfer  rate  about  one  and 
one-naif  times  as  high  as  riders  with  household  incomes  above 
that  figure.  Young  people  also  have  above  average  transfer 
rates.  Elderly  people,  on  the  other  hand,  tend  to  have  a lower 
transfer  rate  than  other  riders,  perhaps  because  of  the  effort 
involved  in  changing  vehicles  associated  with  transfers. 
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Tne  toliowing  sections  summarize  the  findings  of  the  study 
for  each  of  the  11  transfer  policy  components  outlined  above, 
within  each  section,  the  current  practices  of  transit  operators 
regaraing  tne  component  are  described  and  tabulated.  Reasons 
offered  by  operators  tor  the  use  or  lack  of  use  of  the  policy 
conit-onent  are  examined,  and  the  cost,  user  satisfaction, 
riaersnip,  and  revenue  consequences  of  the  component  when  used 
in  aifterent  settings  are  provided.  In  this  way,  the  types  of 
properties  and  settings  for  which  the  transfer  policy  component 
IS  most  Deneficial  are  identified,  along  with  other  components, 
wnich  work  well  when  combined  with  the  component  in  question. 

Distance  Between  Routes  at  Transfer  Points 

A basic  attribute  of  transferring  is  the  walk  required 
oetween  vehicles.  There  may  be  only  a few  feet,  or 
alternatively,  passengers  may  have  to  walk  several  blocks  to 
transfer.  The  greater  the  distance,  the  less  useful  the 
transfer  is  for  the  passenger. 

Bus  Transfers 

Approximately  one-third  of  the  bus  properties 
participating  in  this  study  separate  by  500  feet  or  more  some 
routes  between  which  transfers  are  expected  to  occur.  On  at 
least  one  property,  passengers  must  walk  up  to  1,500  feet  to 
transfer.  The  major  factors  affecting  spatial  separation  are 
tne  number  of  intersecting  routes  and  the  layout  of  the  CBD, 
with  the  secona  factor  potentially  more  important  than  the 
first. 

Alternatives  available  to  the  operator  relating  to  spatial 
separation  at  transfer  points  include: 
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• Routing  Duses  on  the  basis  of  operational  and 
nontransrer r ing  aeinand  considerations  only  (the 
"ao-nothing"  alternative) ; 

• Placing  all  routes  within  one  or  two  blocks  of  each 
other  wnen  physically  feasible; 

• Builoing  an  off-street  teriuinal  facility; 

• tstablishing  a bus  transit  mall; 

• Collecting  route  termini  into  several  subfoci  such  that 
all  or  most  routes  intersect,  though  not  all  at  the  same 
j^^oint;  or 

• Laying  out  routes  in  a grid  network. 

The  principal  cost  consequences  of  any  of  these  strategies 
typically  arise  from  the  changes  in  bus  VMT  needed  to  move  the 
routes  closer  together.  On  the  demand  side,  key  aspects  of 
transfer  distance  are  walk  time,  comprehensibility  of  the 
transfer  system  and  potential  pedestrian  obstacles.  Reducing 
cransrer  aistance  may  have  significant  effects  on  user 
satisfaction  and  riaership.  The  groups  most  affected  by 
spatial  separation  are  the  elderly,  shoppers,  and  infrequent 
users . 


Rail  Transfers 

Rail  transfer  distances  are  typically  lengthier  than  the 
Distances  for  bus  transfers.  These  transfers  often  involve 
vertical  as  well  as  horizontal  separation  between  routes.  The 
patn  between  vehicles  is  not  necessarily  direct,  as  it  usually 
is  tor  bus/Dus  transfers.  Buses  may  line  up  in  a long  row  to 
aiscnarge  their  passengers  at  substantially  varying  distances 
from  the  rail  entrances,  turnstiles  or  rail  platforms.  Rail 
train  lengths  can  be  quite  long  (e.g.,  up  to  600  feet  in  New 
iork  City) , affecting  the  distance  that  alighting  passengers 
must  walk  to  stairs,  escalators,  station  exits  and  bus  loading 
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bays.  The  characteristics  of  available  facilities, 
construction  constraints  in  ana  around  current  rail  stations, 
ana  the  relatively  low  priority  typically  assigned  to  the 
spatial  separation  problem  in  the  rail  context  often  lead  to 
long  rail  transfer  distances. 

Alternatives  available  to  the  operator  for  dealing  with 
tne  spatial  separation  associated  with  rail  transfers  include 
the  following: 

• Letting  vehicles  stop  at  the  nearest  convenient  location 
given  existing  rail  facilities  (the  "do-nothing" 
alternative) ; 

• Providing  convenient  passenger  access  (e.g.,  using 
elevators/escalators)  to  grade-separated  structures; 

• bringing  buses  directly  over  or  under  the  rail  platform; 

• Bringing  buses  up  or  down  to  the  same  elevation  as  the 
rail  platform; 

• Bringing  buses  into  the  rail  station  to  reduce  horizontal 
separation;  and 

• Builaing  on-  or  off-street  terminal  facilities,  etc.,  to 
bring  buses  closer  together  at  the  street  level. 

This  list  does  not  include  actions  which  involve  changes  in  the 
rail  right-of-way  itself.  That  is,  both  the  vertical  grade 
separation  and  the  horizontal  alignment  of  the  rail  line(s)  are 
taken  as  given. 

The  running  cost  consequences  (bus  VMT  and  VHT)  of 
reaucing  spatial  separation  for  rail  transfers  do  not  differ 
substantially  from  the  running  cost  consequences  associated 
with  bus  transfers.  However,  actions  for  reducing  rail 
transfer  distances  may  entail  major  capital  costs  due  to  the 
facility  changes  involved.  Capital  costs  are  likely  to  be 
prohibitive  if  retrofitting  of  existing  stations  is 
contemplatea,  but  will  be  much  smaller  if  the  distance 
reduction  action  is  incorporated  in  the  station's  original 
construction. 
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The  aernana-s ide  consequences  of  reducing  spatial 
separation  are  similar  in  the  Pus  and  rail  cases.  While  rail 
transters  may  be  somewhat  less  onerous  than  bus  transfers 
because  or  cne  amenities  and  shelter  often  provided  by  rail 
facilities,  the  importance  of  the  vertical  transfer  distance 
typically  encountered  in  rail  transfers  to  some  market  segments 
maxes  spatial  separation  a particularly  important  component  of 
a rail  transfer  policy. 

For  both  bus  and  rail  transfers,  physical  constraints  on 
route  placement  ana  new  construction,  the  type  of  transfer, 
characteristics  of  transferees,  and  the  existing  transfer  rate 
are  the  ma^or  aeterminants  of  the  tradeoff  between  costs  and 
benefits.  In  addition,  the  nature  of  other  components  in  the 
transfer  policy  is  also  important,  since  in  practice  reduction 
or  spatial  separation  is  a prerequisite  for  other  transfer 
policy  components  that  require  the  physical  proximity  of 
connecting  vehicles  (such  as  schedule  coordination,  or  timed 
transfers) . Therefore,  reaucing  spatial  separation  may  have 
benefits  associated  with  other  components,  as  well  as  being 
potentially  beneficial  as  a separate  option. 

Through-Routing 

Through-routing , also  known  as  interlining,  involves 
linking  two  routes  so  that  the  same  vehicle  travels  on  both 
routes.  It  eliminates  transfers  between  the  two  routes,  since 
a passenger  can  board  a vehicle  at  a stop  on  one  route  and  get 
oft  at  a stop  on  the  other  without  having  to  change  vehicles. 

A number  of  U . S . transit  properties  use  through-routing  for 
both  ridership  and  operational  reasons,  with  some  properties 
using  it  quite  extensively. 


Bus  Transfers 

Five  types  of  bus  through-routing  are  currently  in  use: 
Interlining,  or  "classic”  through-routing  t Two  separately 
identified  routes  share  the  same  vehicles; 
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• Single  route  tnrougJi- routing : Differs  from  classic 

tnrough-rout ing  only  in  that  the  two  "halves"  of  the  route 
are  joined  on  a permanent  basis,  and  are  formally  treated 
as  a single  route; 

• Variable  through- rout ing ; Differs  from  classic 
through-routing  in  that  buses  are  exchanged  among  multiple 
routes  rather  than  just  between  pairs  of  routes; 

• Trippers ; Buses  are  through-routed  at  particular  times  of 
the  day,  usually  during  rush  hour  or  to  meet  shift  or 
school  times;  and 

• Overlap : Involves  terminating  a radial  route  on  the 

opposite  siae  of  the  CBD  from  which  it  came  in. 

Typically,  through-routing  lowers  costs  by  eliminating 

expensive  downtown  turnarounds.  However,  there  is  a 
possibility  that  costs  will  increase  due  to  the  need  to  match 
neaaways  on  interlined  routes  and/or  due  to  increases  in  bus 
revenue  miles  cue  to  possible  overlap.  Reliability  should 
remain  the  same  in  most  cases  if  layovers  are  not  eliminated. 
Indeed,  reliability  can  increase  if  routes  are  properly 
paired. 

User  satisfaction  and  ridership  will  usually  increase  with 
the  implementation  of  through-routing.  A reasonable  range  for 
the  increase  in  ridership  for  a pair  of  routes  that  connect 
logical  origins  and  destinations  is  between  4 and  7 percent  of 
the  original  ridership  on  the  two  routes.  However,  pairing 
routes  that  do  not  connect  logical  origins  and  destinations 
may  not  increase  ridership  at  all. 

Rail  Transfers 

In  theory,  a bus  could  be  driven  over  a street-based 
route,  and  then,  using  a second  set  of  (steel)  wheels,  traverse 
some  line-haul  rail  segment.  To  date,  however,  conventional 
street  buses  have  not  been  adapted  for  rail  use  on  a widespread 
basis.  Therefore,  "dual-mode"  operation  is  not  considered 
further  here. 
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Tne  most  significant  option  of  this  type  relevant  to  rail 
transfers  is  route  consolidation.  Route  consolidation  is  the 
exact  opposite  of  through-routing,  and  entails  the  turning  back 
at  rail  stations  of  bus  (or  commuter  rail)  routes  that  formerly 
traveleo  into  the  CBD.  Route  consolidation  thus  forces  riders 
to  transfer  by  making  the  rail  lines  the  only  transit  access 
route  into  the  CBD.  Several  cities  use  route  consolidation 
extensively,  ana  turn  back  all  or  almost  all  of  their  buses  at 
rail  stations,  wnile  other  cities  do  not  use  this  option  at 
all . ^ 

Route  consolidation  can  have  a strong  beneficial  effect  on 
cost  aue  to  reductions  in  bus  miles  and  hours.  Moreover,  the 
miles  eliminated  are  likely  to  be  in  the  most  congested  areas, 
tnereby  increasing  cost  savings.  Turnaround  mileage  is  not 
eliminated  (in  contrast  to  classic  through-routing),  but  is 
moved  well  out  of  the  most  congested  areas,  thus  providihg  a 
further  cut  in  VflT.  Since  route  consolidation  typically 
affects  a large  number  of  routes,  it  is  clear  that  this  option 
has  considerable  potential  for  cost  savings. 

User  satisfaction  is  affected  by  route  consolidation  in 
several  ways.  On  the  negative  side  it  requires  a transfer 
wnere  none  existed  before,  and  forces  individuals  who  might 
prefer  at-grade  buses  (such  as  the  elderly)  to  use  rail.  In  an 
important  sense,  route  consolidation  must  decrease  "average" 
user  satisfaction,  because  in  the  absence  of  bus  turnbacks,  the 
rider  had  the  option  of  transferring  at  the  rail  station. 


^Route  consolidation  can  also  be  practiced  for  bus/bus 
transfers.  That  is,  express  buses  can  be  operated  only  on  the 
line  haul  portion  of  the  trip,  with  separate  feeder  bus 
service.  However,  the  disutility  of  transfers  in  general,  the 
opportunity  for  through-routing  with  buses,  and  the  fact  that 
all  buses  generally  have  comparable  capacities  combine  to  limit 
the  applicability  of  this  option. 
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however,  tne  pivotal  factors  in  determining  whether  user 
satistaction  are  significantly  decreased  are  the  quality  and 
reliaoility  of  the  rail  line.  On  the  positive  side, 
bus-to-rail  transfers  are  generally  perceived  to  be  less 
onerous  than  bus-to-bus  transfers,  and  average  trip  time  may  be 
reducea  if  rail  service  is  faster  than  the  bus. 

The  aecision  to  implement  route  consolidation  necessarily 
weighs  the  cost  of  providing  parallel  service  against  the 
possible  decrease  in  user  satisfaciton  caused  by  forcing  people 
to  transfer  ana  by  eliminating  or  drastically  curtailing  local 
service  between  rail  stops.  Route  consolidation  may  be  a 
aominant  option  in  cases  where  the  CBD  and  the  corridor  leading 
into  the  CBD  are  so  congested  that  bus  speeds  are  significantly 
lower  than  rail,  or  where  rail  trips  are  sufficiently  long  so 
tnat  even  small  aavantages  in  operating  speeds  are  translated 
into  major  time  savings. 

Operating  a competitive  parallel  bus  service  becomes  a 
reasonable  alternative  if  tne  rail  line  has  such  a low 
rrequency  tnat  lengthy  transfer  times  are  possible  when 
transferring  from  bus  to  rail,  or  if  the  rail  line  is 
unreliable,  unattractive,  or  short  in  length.  Clearly,  the 
merits  of  route  consolidation  depend  upon  the  attitudes  and 
motivations  of  the  service  provider,  as  well  as  numerous 
site-specific  conditions  and  factors. 

Schedule  Coordination 

schedule  cooraination  involves  the  adjustment  of  schedules 
on  routes  to  change  the  relative  times  of  arrival  of  vehicles 
at  transfer  points  to  reduce  average  transfer  wait  time. 
Scheaule  cooraination  used  alone  benefits  passengers 
transferring  in  one  direction  more  than  passengers  transferring 
in  tne  other,  since  to  ensure  that  one  vehicle  arrives  before 
another  witnout  disruption  of  the  regular  schedule,  an  offset 
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must  be  usea  (rather  tnan  attempting  to  have  two  vehicles  meet 
at  tne  exact  time).  hence,  schedule  coordination  used  alone  is 
appliea  most  Deneticially  to  route  pairs  wnere  the  majority  of 
transters  are  in  a single  direction  at  any  one  time. 

bus  Transfers 

bcheaule  coordination  for  buses  generally  takes  one  of 
three  forms: 

• Cbb  scneaule  coordination:  Used  in  situations  where  there 

IS  a strong  directional  flow  of  transfers  through  the  CBD 
curing  peak  hours; 

• Trunk -cross town  coordination:  Involves  transfers  between 
trunx  lines  ana  crosstowns  where  the  schedule  coordination 
is  imposed  on  the  low-frequency  crosstown  lines;  and 

• hinor  schedule  coordination:  Characteristically 

implementea  in  response  to  the  complaints  of  passengers  on 
a particular  bus  who  are  unable  to  make  a connection  to 
another  route. 

The  cost  consequences  of  schedule  coordination  result  from 
the  aajustments  in  headways  made  to  match  the  two  routes.  User 
satisfaction  will  increase  for  all  transferring  riders  "going 
in  the  airection"  of  the  coorainat ion.  Overall  ridership  gains 
are  likely  to  oe  on  the  order  of  3 to  4 percent  for  CBD 
scheoule  coordination,  1 to  2 percent  for  trunk-cross town 
cocraination,  and  minimal  for  minor  schedule  coordination. 

bcheaule  cooraination  is  applicable  whenever  transfers  are 
strongly  directional  between  two  lines.  In  such  a situation, 
schedule  cooraination  may  be  a cost-effective  way  to  improve 
service,  since  it  typically  costs  little,  can  involve  only 
minor  headway  changes,  and  demands  little  of  an  operator's  time 
or  attention. 
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Kail  Transfers 

Vvnen  scneaule  coordination  is  usea  for  rail  transfers,  it 
generally  takes  one  of  three  forms: 

• Kapid  rail-to-bus:  Typically  used  at  outlying  rail 

stations  in  the  evening,  often  in  conjunction  with  dynamic 
control  (see  next  section) ; 

• Commuter  rail/bus:  Similar  to  rapid  rail-to-bus,  but 

may  require  dedicated  bus  runs  and  greater  administrative 
effort  due  to  different  operating  authorities;  and 

• Rail/rail ; used  on  intersecting  routes  (as  opposed  to 
local  and  express  routes  in  parallel  operation)  when 
frequencies  are  low. 

Using  any  of  these  options  typically  will  entail  some 
planning  and  administrative  costs,  and  may  affect  operating 
costs  if  headway  adjustments  are  made.  User  satisfaction, 
rioersnip,  and  revenue  should  increase  due  to  the  reduction  in 
average  transfer  time.  As  in  the  case  of  bus  transfers,  the 
applicability  of  schedule  coordination  depends  on  the 
directionality  of  transfers.  The  characteristics  of  rail 
facilities  and  problems  of  interagency  coordination  are  also 
potentially  important  considerations. 

Schedule  coordination  is  relatively  uncommon  in  rail 
transit  operations  (compared  to  the  number  of  possible 
opportunities)  for  several  reasons.  First,  rapid  rail  headways 
are  usually  so  short  that  schedule  coordination  could  not 
produce  significant  reductions  in  transfer  time.  Also,  in 
cases  where  the  distance  (vertical  or  hori.zontal)  between 
connecting  vehicles  is  long  and/or  variable  (e.g.,  different 
parts  of  tne  rail  platform  differ  significantly  in  their 
distance  from  the  bus  stop) , the  variance  across  passengers  of 
transfer  walk  time  may  make  it  necessary  for  the  "advances" 
needed  to  ensure  a timely  transfer  between  vehicles  for  most 
passengers  to  be  longer  than  in  the  bus/bus  case.  Thus,  the 
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benetits  tnat  accrue  through  use  of  this  option  are  lower  in 
the  rail  case.  Problems  caused  by  separate  bus  and  rail 
scheduling  departments  and  multiple  intersections  among  bus  and 
rail  routes  further  limit  the  applicability  of  this  option. 

bynamic  Control  of  Departure  Times  at  Transfer  Points 

Dynamic  control  involves  holding  a vehicle  beyond  its 
scheduled  departure  time  from  a transfer  point  if  it  is  known 
tnat  a vehicle  on  another  route  is  approaching  which  is  likely 
to  have  transferring  passengers  on  board.  Such  information  can 
be  conveyed  by  radio  or  by  some  other  signaling  device  (e.g., 
neadlights) . 

Bus  Transfers 

Dynarriic  control  is  found  in  many  different  settings. 
Several  small  properties  use  it  extensively,  either  to  control 
meetings  between  trunk  and  crosstown  routes  or  to  facilitate 
transfers  in  CBDs  where  the  schedule  permits.  Some  larger 
properties  use  dynamic  control  marginally,  on  only  a few  routes 
or  only  in  the  evening.  However,  on  smaller  properties  using 
timed  transfers,  dynamic  control  is  regularly  used  to  ensure 
the  meeting  of  buses  at  the  transfer  point. 

The  cost  and  operational  consequences  of  dynamic  control 
tend  to  be  minor*.  Operators  see  it  as  an  added  service  not 
requiring  extra  layover  time  to  absorb  the  added  schedule 
uncertainty  it  may  induce.  User  satisfaction  of  riders  aided 
in  making  their  connection  by  dynamic  control  will  increase,  at 
the  cost  of  possible  reductions  in  user  satisfaction  of  the 
other  riders.  Generally,  the  ridership  consequences  of  dynamic 
control  alone  are  not  significant,  but  in  combination  with 
other  options  (such  as  timed  transfers),  dynamic  control  can 
contribute  substantially  to  ridership  gains. 
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The  principal  traaeoft  involved  in  dynamic  control  is  the 
gain  in  satisraction  for  transferees  versus  potential 
Gownstream  Qisruptions  to  schedule  adherence.  Therefore,  as  a 
stahG-alone  option,  dynamic  control  is  appropriate  either  when 
transfer  flows  are  intermittent  or  schedule  unreliability  is 
common.  Its  use  is  constrained  principally  by  the  size  and 
complexity  of  the  system. 

Rail  Trahsfers 

Almost  all  rail  properties  use  dyhamic  control  at  some 
Dus/rail  transfer  points,  and  a few  use  it  at  rail/rail 
transfer  points  as  well.  The  basic  ratiohale  behind  dynamic 
control  involving  rail  is  the  same  as  for  dynamic  control  of 
bus  transfers,  though  communications  equipment  and  procedures 
may  vary.  Dynamic  control  in  the  bus/rail  context  is  almost 
invariably  applied  to  bus  rather  than  rail  vehicle  movements, 
thus  facilitating  rail  to  bus  transfers.  This  is  due  to  the 
typically  higher  frequency  of  rapid  rail,  which  minimizes  the 
benefits  attainable  from  holding  rail  vehicles,  problems  of 
interagency  coordination,  and  the  possibility  of  creating 
systemwiae  operational  disruptions. 

Dynamic  control  of  bus/rail  transfers  generally  takes  one 
of  three  forms: 

• Informal  holding:  Possibly  without  using  formal 

communications  methods,  the  bus  waits  at  the  transfer 
point  based  on  the  anticipated  arrival  of  a train; 

• Formal  meeting:  A bus  is  formally  scheduled  to  meet  a 

particular  train,  and  will  hold  until  passengers  arrive 
from  that  train;  and 

• Formal  holding:  The  bus  driver  is  informed  of  the 

pending  arrival  of  a train  so  that  the  bus  can  be  held 
until  transferring  passengers  arrive. 
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bynamic  control  applied  to  the  bus  side  of  rail/bus 
transfers  tenas  not  to  have  large  operational  consequences. 

The  effects  of  holding  a bus  for  a few  minutes  have  alreaay 
oeen  outlined  and  are  generally  minor.  Unless  buses  must  hold 
for  unreliaole  trains,  ana  poor  communications  exist  between 
DUS  ana  rail,  aynamic  control  of  buses  for  bus/rail  transfers 
aoes  not  leaa  to  significant  operational  problems. 

Once  again,  the  costs  of  dynamic  control  arise  from 
aaaitional  layover  time  and  needed  signaling  equipment.  Most 
properties  ao  not  build  much  additional  layover  time  into  the 
scheaule  tor  tne  purpose  of  dynamic  control  since  the  hold 
times  are  usually  relatively  short.  The  capital  costs  of  train 
arrival  signals,  which  are  the  predominant  signaling  devices 
now  used  for  bus/rail  transfers,  are  minor  in  comparison  with 
other  capital  outlays.  Maintenance  costs  are  also  low. 

Dynamic  control  increases  user  satisfaction  by  eliminating 
those  occasions  when  transferring  passengers  3ust  miss  their 
bus  ana  otherwise  would  have  to  wait  the  full  bus  headway, 
however,  holding  buses  for  more  than  a small  length  of  time 
(e.g.,  five  minutes)  may  adversely  affect  the  user  satisfaction 
of  riders  boaraing  downstream.  This  effect  may  be 
insignificant  for  buses  carrying  evening  commuter  rail  riders 
that  only  let  out  passengers,  or  it  may  be  quite  important  for 
buses  that  must  make  other  connections. 

overall,  operators  tend  to  view  dynamic  control  of  rail 
transfers  as  a sort  of  public  relations  measure,  and  do  not 
attacn  major  ridership  and  revenue  consequences  directly  to  its 
use.  However,  its  widespread  implementation  implies  that  it 
can  De  used  effectively  in  a broad  range  of  settings. 


21 


Timea  Transfers 


A timed  transfer  is  defined  as  a set  of  operator  actions 
tnat  provides  some  degree  of  certainty  that  vehicles  on 
different  routes  will  meet  at  regular  intervals  to  exchange 
transferring  passengers. 

Bus  Transfers 

Timed  transfers  for  buses  can  be  divided  into  four 
distinct  types; 

• Simple  timed  transfers ; Two  routes  are  scheduled  and 
operated  to  guarantee  that  some  or  all  buses  on  the  routes 
will  meet  at  the  transfer  point; 

• Pulse  scheduling ; Buses  on  all  (or  most)  routes  that 
meet  at  the  ma^or  transfer  point  are  scheduled  to  arrive 
nearly  simultaneously,  hold  until  all  buses  have  come  in, 
and  then  leave  together. 

• Line-ups ; In  larger  cities,  buses  or  all  (or  most)  routes 
that  meet  at  the  major  transfer  point  are  scheduled  to 
allow  a pulse-type  exchange  of  passengers,  typically  in 
the  context  of  low-service  frequencies  and  possibly  long 
layovers  at  the  transfer  point,  and  most  often  in  the 
evening;  and 

• ''l>ieighborhQOd''  pulse ; The  schedules  of  neighborhood 
circulator  routes  are  coordinated  to  make  travel  within  a 
sector  of  a city  easier.  Sinple  timed  transfers  are  used 
on  many  properties,  from  the  smallest  to  the  largest,  and 
are  most  commonly  employed  in  the  evening  when  both  routes 
have  low  frequencies.  Pulse  scheduling  is  currently  found 
in  smaller  cities  (service  area  population  up  to  300,000) 
and  is  utilized  all  day  at  central  transfer  points  with  a 
normal  pulse  frequency  of  approximately  30  minutes. 
Line-ups  are  used  by  many  larger,  nonpulse  properties 
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(service  area  population  of  500,000  or  more),  typically  with 
Headways  of  one  nour.  Neighborhooo  pulse  is  currently  being 
implemented  on  at  least  two  large  properties  (Portland,  Oregon 
ano  Denver,  Colorado)  as  part  of  their  conversion  to  the  bus 
transit  center  concept. 

In  general,  implementation  of  timed  transfers  requires 
several  operator  actions.  Headways  on  different  routes  must  be 
synchronized  by  altering  route  length  and/or  modifying 
layovers.  Extra  layover  times  may  be  needed  to  improve 
scneoule  aaherence.  This  may  also  be  accomplished  by  providing 
Qynamic  control  of  buses  at  the  transfer  point  in  case  any  are 
late.  The  operator  must  provide  suitable  space  and  facilities 
to  permit  easy  simultaneous  interchange  of  passengers  between 
buses,  ana  must  make  important  decisions  concerning  user 
information. 

Property  size  is  the  principal  criterion  for  timed 
transfer  applicability,  serving  as  a proxy  for  headway 
reliability,  service  frequency,  and  the  number  of  buses  meeting 
at  one  time.  Properties  with  less  than  400,000  people  in  their 
service  area  are  generally  able  to  use  pulse  scheduling  at 
their  main  transfer  point.  Larger  properties  often  have 
line-ups  at  night.  Simple  timed  transfers  are  usable  on  any 
property,  while  neighbornood  pulse  is  applicable  on  any  system 
witn  subcenters  which  serve  as  logical  pulse  points. 

Service  frequency  and  reliability  appear  to  be  the  ma^or 
aeterminants  of  whether  user  satisfaction  is  greatly  increased 
by  timed  transfers.  Ridership  gains  on  the  order  of  5 to  12 
percent  appear  reasonable  with  a highly  reliable  pulse-type 
timed  transfer.  Since  increasing  reliability  costs  money,  the 
operator  can  implement  timed  transfers  in  different  ways 
depending  on  local  objectives  (e.g.,  increasing  layover  times 
and  shortening  routes  versus  adding  equipment) . Overall, 
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nowever,  timea  transfers  appear  to  be  a cost-effective  way  of 
increasing  service  and  riaership  under  certain  circumstances 
witnout  necessarily  increasing  costs. 

Rail  Transfers 

Timea  transfers  between  rail  and  bus  or  rail  and  rail  are 
uncommon  for  several  reasons.  First,  rail  operators  are 
reluctant  or  unaole  to  adjust  rail  schedules  and  ensure  that 
tney  will  be  adhered  to  in  the  way  that  timed  transfers  would 
require.  Second,  the  high  frequency  of  most  rapid  rail  lines 
means  that  scheauling  options  for  bus-to-rail  or  rail-to-rail 
transfers  will  be  unprofitable,  since  expected  transfer  time  to 
rail  is  low  already.  Third,  and  most  important,  the  larger 
spatial  separation  for  transferring  passengers  inherent  in  most 
rail  operations  requires  longer  layovers  at  the  transfer  point, 
which  are  costly,  disruptive  to  downstream  passengers  and 
upstream  operations,  inconvenient  to  through-riding  passengers, 
and  generally  difficult  to  control. 

This  option  generally  can  be  used  only  in  the  evening  or 
on  commuter  rail,  when  frequencies  are  low,  and  the  reliability 
of  transfers  can  be  guaranteed  without  excessively  costly 
layovers.  The  applicability  of  this  option  is  enhanced  if 
there  are  across-platf orm  transfers,  or  buses  that  are 
aedicatea  to  meeting  the  train. 

Schedule  Adherence  on  Connecting  Routes; 

Bus  and  Rail  Transfers 

Schedule  adherence  is  an  important  aspect  of  overall  level 
of  service  on  transit  properties  that  affects  all  (transferring 
and  nontransferring)  riders  on  the  system.  Major  causes  of  bus 
schedule  adherence  problems  include  traffic  congestion, 
bunching,  and  somewhat  surprisingly,  interference  from  trains 
ana  breakdowns  of  new  buses.  Remedies  include  skip-stopping. 
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use  of  electronic  and  manual  monitoring  systems  to  control  bus 
bunching,  passing  first  bus,  ana  insertion  of  extra  buses. 

Rail  schedule  adherence  is  also  a problem,  though  it  may  be 
less  important  to  transferring  passengers  than  bus  schedule 
aaherence  due  to  the  typically  high  frequency  of  rapid  rail 
service,  and  the  amenities/opportunities  for  other  productive 
activities  (e.g.,  shopping)  often  found  at  rail  stations. 

Also,  rail  service  itself  tends  to  be  more  reliable  than  bus 
due  to  its  use  of  an  exclusive  right-of-way,  though  hardware 
unreliability  and  the  inherent  limitations  of  fixed  guideways 
may  produce  some  exceptions. 

For  both  bus  and  rail  transfers,  the  principal 
consequences  of  increased  schedule  unreliability  are  an 
increase  in  the  variance  in  transfer  wait  time  and  the  expected 
(average)  transfer  wait  time.  These,  of  course,  lead  to 
decreases  in  user  satisfaction,  ridership,  and  revenue, 
however,  the  direct  transfer-related  consequences  of  schedule 
unreliability  are  usually  dominated  by  the  nontransfer  effects. 
Nevertheless,  there  are  indirect  transfer-related  benefits 
which  are  nontrivial.  If  unreliability  is  too  high,  other, 
operator  actions  regarding  transfers  (e.g.,  pulse  scheduling  or 
schedule  coordination,  are  likely  to  meet  limited  success. 

Since  the  consequences  of  these  other  transfer  policy  options 
can  be  very  significant,  minimizing  unreliability  for  the 
purpose  of  aiding  transfers  can  be  an  important  objective. 

Service  Frequency  on  Connecting  Routes; 
bus  and  Rail  Transfers 

Service  frequency,  like  schedule  adherence,  is  an 
important  component  of  transit  level  of  service  that  has 
consequences  beyond  its  impact  on  transfers.  Given  good 
schedule  adherence,  increasing  the  frequency  of  service  on  a 
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connecting  route  should  decrease  the  transfer  wait  time, 
'iypically,  however,  operators  raise  or  lower  service  frequency 
in  response  to  nontransf er-re lated  factors.  The  exceptions  to 
tnis  rule  arise  when  other  transfer  components  such  as  timed 
transfers,  rnrough-rout ing,  and  schedule  coordination  are 
implementeo,  since  headways  must  be  synchronized  between 
routes.  Even  in  these  cases,  however,  the  headway  adjustments 
currently  maae  are  usually  not  large. 

Also,  rail  frequencies  are  almost  never  changed  for  the 
purpose  of  implementing  a particular  transfer  policy  option, 
tor  several  reasons.  First  is  the  typically  high  frequency  of 
rapid  rail,  which  tends  to  make  other  transfer  policy  options 
unnecessary  when  rail  is  the  connecting  vehicle.  Second,  it  is 
often  difficult  or  impractical  to  change  headways,  especially 
on  systems  wnich  have  much  interlocking  of  different  routes. 
Frequency  increases  may  be  very  costly  in  terms  of  manpower  and 
equipment,  wnile  frequency  decreases  are  often  constrained  by 
demand  levels.  Furthermore,  if  the  buses  and  trains  are 
scneaulea  by  different  authorities,  coordination  of  service  to 
improve  transfer  connections  may  be  difficult  or  impossible. 
Overall,  bus  schedules  are  almost  always  adjusted  to  fit  a 
given  rail  schedule  for  transfer  policy  purposes,  not  vice 
versa . 

For  Doth  bus  and  rail  transfers,  user  satisfaction, 
rioership,  and  revenue  will  rise  due  to  the  reduction  in 
transfer  wait  time  associated  with  service  frequency  increases. 
Furtnermore,  there  is  a threshold  headway  of  10  to  15  minutes 
below  which  other  transfer-related  actions  regarding  scheduling 
may  not  De  worthwhile  due  to  limits  on  how  great  a reduction  in 
transfer  wait  time  they  can  produce.  However,  because  most 
changes  in  headway  are  not  made  across  this  threshold,  and 
Decause  of  the  significant  cost  of  increasing  service 
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frequency,  large  cnanges  in  service  frequency  are  typically 
only  made  in  response  to  overall  demand  or  other  factors,  and 
not  simply  transfer  demand. 

Transfer  Charge 

The  transfer  cnarge  is  the  amount  of  money,  over  and  above 
tne  oasic  fare,  whicn  a passenger  pays  to  transfer  to  a second 
transit  vehicle. 

Bus  Transfers 

host  bus  properties  currently  have  only  a $0.00  or  $0.05 
transfer  charge.  Other  transfer  charge  levels  are 
comparatively  rare.  Very  few  properties  have  full-fare 
transfers . 

There  is  no  consistent  trend  in  transfer  charges  over 
recent  years.  Some  properties  have  raised  the  charge  slightly, 
e.g.,  from  $U.U2  to  $0.05.  Other  properties  have  made 
transfers  free.  On  average,  nominal  (and  certainly  real) 
transfer  charges  have  tended  to  drift  downward,  though  this 
tenaency  is  neither  pronounced  nor  universal. 

A variety  of  reasons  exists  for  setting  the  transfer 
Charge  at  a particular  level.  In  approximate  order  of 
importance  for  the  properties  participating  in  this  study, 
these  include  the  following: 

• Historical  precedent:  Many  properties  have  not  recently 

given  serious  consideration  to  the  level  of  their  transfer 
charge ; 

• Transfer  abuse:  A nonzero  transfer  charge  may  reduce  the 

"resale”  of  transfers  at  a price  below  that  of  a full  fare 
or  the  giving  away  of  the  transfers  to  friends  and 
relatives,  since  fewer  people  would  take  transfers  with 
the  intent  of  later  distribution  if  they  had  to  pay 
something  for  them;  and 


27 


• Political /equity : A particular  transfer  charge  may  be 

justified  on  the  basis  of  a desire  not  to  penalize 

transfers,  not  to  subsidize  long  trips,  etc. 

Revenue,  public  relations,  bus  running  times,  and  other 
considerations  may  also  affect  the  selection  of  the  transfer 
charge.  The  cost  consequences  of  a particular  transfer  charge 
result  from  tne  possible  slowdown  in  bus  passenger  entrance  and 
tne  minor  cost  of  counting  and  handling  additional  revenue. 

Tne  cost  ot  slowing  down  the  bus  to  process  the  transfer  charge 
may  be  significant,  and  results  from  both  the  need  to  pay  a 
charge  ana  from  disputes  that  may  develop  between  drivers  and 
passengers  over  transfer  abuse. 

User  satisfaction  is  decreased  as  the  transfer  charge  goes 
up  since,  by  definition,  individuals  are  made  worse  off  by 
extra  cash  expenditures.  The  magnitude  of  this  effect  is 
determined  by  the  disutility  associated  with  charges  by 
different  user  groups,  and  the  "justifiability"  of  the  charge 
(i.e.,  the  feeling  among  riders  that  the  charge  is  fair  and  has 
a purpose,  such  as  to  make  longer  trips  cost  more) . 

Both  total  bus  ridership  and  the  bus/bus  transfer  rate 
appear  to  be  sensitive  to  the  level  of  transfer  charge. 
Different  types  of  riders  and  trips  will  be  affected 
airferently  by  a change  in  transfer  charge.  Captive  riders 
nave  their  riding  patterns  altered  least  by  an  increase  in 
transfer  charge,  while  shopping  and  other  discretionary  trips 
would  be  most  discouraged.  These  ridership  changes  translate 
directly  into  effects  on  revenue.  Because  of  the  generally 
inelastic  demand  for  transit,  total  revenue  will  typically 
increase  (sometimes  by  a substantial  amount)  as  the  transfer 
charge  goes  up. 

Overall,  each  of  the  three  levels  of  transfer  charge  -- 
zero,  small  but  nonzero,  and  full  --  seem  to  be  stable  and 
viable.  The  selection  of  one  over  the  others  is  based  on 
the  operator's  priorities  and  various  other  site-specific 
factors . 
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Rail  Transfers 

Rail  transfer  charges  are  considerably  less  uniform  across 
Qifferent  properties  tnan  bus  transfer  charges.  There  are 
full-fare  transfers,  half-fare  transfers,  dime  transfers, 
nicxel  transfers,  and  free  transfers.  Rail/rail  transfers  tend 
to  oe  free,  though  this  is  not  always  the  case.  The  principal 
reasons  for  setting  the  rail  transfer  charge  at  a particular 
level  include  (in  approximate  oraer  of  importance): 

• iiis  torical/insti  tutional/pol  i tical : Past  and  present 
relationships  among  bus  and  rail  operating  authorities  may 
be  big  factors  in  determining  the  transfer  charge; 

• Revenue i This  may  be  particularly  important  for 
properties  witn  large  operating  deficits; 

• Abuse ; Rail  transfer  systems  that  depend  on  automatic 
aispensers  in  rail  systems  are  particularly  susceptible  to 
abuse ; 

• Lqui ty ; Depends  on  local  priorities;  and 

• Facility  design:  This  may  produce  "logical"  transfer 

charges  (e.g.,  zero  charge  for  across-platf orm 
transfers) . 

The  only  direct  cost  consequences  that  result  from  the 
rail  transfer  charge  are  the  minor  costs  associated  with 
processing  revenue.  (There  may  be  significant  costs  associated 
with  the  transfer  slip  method  used  but  these  are  treated  in  the 
next  section. ) The  demand-side  consequences  of  a particular 
rail  transfer  charge  are  basically  the  same  as  those  for  bus 
transfer  charges.  User  satisfaction  must  go  down  as  the 
transfer  charge  goes  up,  with  the  amount  of  change  depending  on 
sensitivity  of  different  user  groups  and  the  degree  of 
"gustifiability"  of  the  transfer  charge.  Since  rail  transfers 
may  consist  largely  of  fare-inelastic  work  trips,  and  tend  to 
be  part  of  longer  trips  than  bus  transfers,  rail  transfer 
charge  increases  may  decrease  user  satisfaction  less  than 
corresponding  changes  in  the  bus  transfer  charge  would. 

29 


i 


Transrer  blips 


bus  Transfers 

Transfer  slips  are  the  principal  method  for  offering 
reducea  fare  bus  transfers,  entitling  riders  to  board 
suDsequent  vehicles  at  a reduced  fare.  Most  properties  use 
conventional  transfer  slips,  but  some  use  daily  passes  or  even 
no  rransfer  slips  at  all  to  grant  reduced  fare  transfers. 

The  cost  of  aaminis trat ion  of  transfer  slips  is  low.  User 
satisfaction,  riaership,  and  revenue  consequences  of  transfer 
slips  follow  primarily  from  their  use  in  setting  fare  policy, 
ana  not  from  any  characteristic  intrinsic  to  the  transfer  slips 
themselves . 

Rail  Transfers 

A variety  of  methoas  are  available  for  offering  reduced 
charge  rail  transfers.  These  include: 

• Transfer  slip  issued  by  bus  driver  or  change  booth  clerk, 
collected  by  same; 

• Commuter  rail  pass  good  on  transit; 

• Two-part  rail  pass  issued  on  train  or  in  station,  one  part 

good  for  bus  trip  away  from  rail  and  other  part  good  for 
bus  trip  toward  rail; 

• Transfer  to  bus  dispensed  from  machine  in  rail  station  at 
Destination; 

• Transfer  to  bus  dispensed  from  machine  at  originating  rail 
station; 

• Direct  paid  area  for  bus/rail  transfers; 

• Magnetic  cara  for  transfer  to  rail  obtained  on  bus;  and 

• Rail-to-bus  transfer  obtained  from  original  bus  driver. 

In  contrast  to  bus  transfer  slips,  these  methods  for 

proviaing  rail  transfers  generally  have  significant  cost 
consequences.  Rail  stations  must  handle  large  volumes  of 
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i^assengers.  Since  orainary  bus  transfer  slips  must  be  accepted 
oy  a person  for  validity  checks,  a mere  extension  of  bus 
transfer  procedures  to  transfers  will  not  work  without  extra 
labor  cost.  Other  potential  costs  include  the  transfer  slips 
themselves  (estimated  to  be  $225,000  per  year  in  Boston),  the 
transfer-dispensing  machines  (where  used),  and  the  extra  cost 
of  station  construction  when  a paid  area  is  included. 

Tne  method  of  providing  rail  transfers  has  a significant 
indirect  effect  on  user  satisfaction,  ridership,  and  revenue 
because  of  the  constraints  that  it  places  on  the  level  of 
transfer  charge.  User  satisfaction  is  also  affected  if  the 
transfer  slip  procedure  requires  the  passenger  transferring 
from  bus  to  rail  to  wait  in  a long  line  instead  of  going 
directly  through  the  turnstiles.  In  this  case,  the  rider  is 
raced  with  the  choice  of  not  getting  a transfer  or  waiting  in 
line,  necessarily  reducing  user  satisfaction. 

The  method  of  offering  reduced  fare  transfers  can  in 
addition  affect  the  amount  of  abuse  which  occurs,  and  hence 
revenue  wnich  is  received,  even  after  factoring  out  the  effects 
of  the  transfer  charge.  Transfers  issued  by  machine 
(especially  in  the  destination  station)  tend  to  be  more  easily 
abused  (with  consequent  revenue  losses) , because  many  extra 
transfer  slips  can  be  taken  by  an  individual.  Various 
strategies  for  locating  the  transfer  machines  can  be  tried  to 
alleviate  this  problem,  but  it  is  inherent  in  the  nature  of  the 
automated  transfer  slip  distribution  system. 

Overall,  there  appear  to  be  many  viable  methods  for 
offering  reduced-fare  rail  transfers.  None  of  them,  however, 
are  flawless.  Thus,  for  most  transit  systems,  there  is  no 
dominant  method  of  transfer  administration. 
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bcneauie  Intormation 


The  provision  of  schedule  information  is  an  option  of 
broaa  general  interest  in  transit.  Schedule  information  useful 
for  transferring  can  be  provided  eitner  at  the  transfer  point 
or  prior  to  the  start  of  the  transit  trip.  At  the  transfer 
point,  transit  properties  can  supply  or  post  printed  schedules 
or  maps,  and/or  disseminate  information  about  whether  the 
connecting  vehicle  is  late.  Prior  to  the  trip,  sources  of 
intormation  include  printed  schedules  (which  may  include 
iniormation  on  transfer  points,  time  points,  and  "best 
connecting  vehicles"),  and  telephone  inform.ation  systems, 
bcheciules  can  also  provide  information  on  the  other  components 
of  the  transfer  policy  (e.g.,  through-routing,  dynamic  control, 
scneauie  coordination,  timed  transfers) . In  general,  most 
t^roi^erties  only  indicate  the  transfer  charge  and  procedure  for 
transferring  on  their  schedule,  and  almost  never  indicate  the 
use  of  dynamic  control  or  schedule  coordination. 

The  direct  costs  of  providing  schedule  information  include 
printing  schedules,  manning  pnone  banks,  etc.  The  indirect 
costs  are  a type  of  opportunity  cost,  which  occurs  when  a 
operator  publicly  states  a transfer  policy,  and  then  feels 
committee  to  it  even  when  it  becomes  unproductive  to  do  so. 
Provision  of  scheaule  informatin  at  the  transfer  point  may 
raise  the  satisfaction  of  the  rider  by  limiting  his 
uncertainty,  and  by  freeing  him  for  other  productive  activities 
(wnich  may  be  equivalent  to  a significant  reduction  fo  transfer 
wait  time) . Awareness  of  schedule  information  prior  to  the 
start  of  a trip  will  raise  user  satisfaction  by  enabling  the 
passenger  to  make  beneficial  changes  in  trip-making  behavior. 

If  the  schedule  and  routes  of  a transit  system  never 
changea,  provision  of  schedule  information  of  all  types  would 
almost  universally  be  the  preferred  action.  However,  transit 
routes  ana  schedules  frequently  change  (typically)  requiring  an 
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intormat ion/cost  tradeoff  to  be  maae.  Each  operator  must 
aetermine  whether  the  benefits  produced  by  providing 
inrormation  about  a particular  transfer  policy  component  are 
onset  by  direct  costs,  and  the  need  to  make  periodic 
aajustments  in  schedules  ana  routes. 

marketing 

Transfer-related  marketing  initiatives  by  the  transit 
operator  can  focus  completely  on  transfers,  be  part  of  a 
Droaaer  marketing  effort,  or  use  transfers  to  market  other 
aspects  of  the  transit  system.  Vinen  the  transfer  policy  has 
some  important  distinguishing  feature  which  can  potentially 
affect  a significant  number  of  riders  (e.g.,  pulse  scheduling, 
universal  transfer  valid  between  carriers) , it  can  be  the  focal 
point  of  a marketing  effort.  In  addition,  it  is  possible  to 
marxet  "responsiveness"  by  such  means  as  a limited  use  of 
schedule  coordination  in  which  individual  runs  are  adjusted  to 
promote  user  satisfaction  in  response  to  user  complaints. 

Many  properties  promote  transfers  as  part  of  broader 
marketing  efforts.  For  instance,  properties  often  produce 
brochures  describing  their  special  services,  including 
brochures  on  how  to  transfer.  Transit  fare  prepayment  plans 
are  anotner  important  example  of  the  marketing  of  transfers  as 
part  of  a larger  effort,  since  the  transferring  rider  usually 
receives  free  transfers. 

Transfer  slips  can  also  be  used  as  part  of  marketing 
efforts  that  have  nothing  to  do  with  transfers,  such  as  the 
use  of  transfer  slips  as  daily  passes,  or  special  promotions  in 
which  retail  establishments  offer  their  customers  return  fares 
in  exchange  for  transfer  slips. 

The  cost  of  transfer-related  marketing  can  be  low, 
especially  if  there  are  few  transfer  points.  The  user 
satisfaction  consequences  of  marketing  are  related  to  the 
changes  it  can  cause  in  awareness  of  and  attitudes  toward 
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transit.  Transfer-related  marketing  can  change  people's 
perceptions  tnat  transfers  are  onerous  by  promoting  aspects  of 
the  transfer  policy  which  make  transfers  easier.  Marketing  has 
been  usea  to  raise  the  awareness  of  different  market  segments 
concerning  the  existence  of  various  transfer  policy  components, 
as  well  as  coverage  and  services  provided  by  the  system  as  a 
whole.  It  remains  uncertain,  however,  whether  marketing 
Qirectea  specifically  toward  transfers  on  properties  whose 
transfer  system  has  no  special  attributes  is  appropriate  or 
proGuctive . 

Conclusions 

Each  of  the  11  transfer  policy  components  described  can  be 
cost-effective  in  various  situations.  The  decision  to  utilize 
a particular  policy  component  must  address  the  tradeoffs  among 
that  component's  various  consequences.  For  instance,  the 
introduction  of  a transfer  fee  on  a property  where  there  were 
previously  free  transfers  involves  balancing  equity,  revenue, 
ana  user  satisfaction  considerations.  Tradeoffs  of  this  type 
are  important  from  the  point  of  view  of  the  operator  in 
determining  how  well  a particular  transfer  policy  meets  system 
goals  and  objectives.  It  is  important  to  note  that 
combinations  of  transfer  policy  components  may  produce 
consequences  that  are  not  simply  additive.  For  example, 
instituting  timed  transfers  will,  in  general,  have  a positive 
effect  on  user  satisf aciton,  as  will  increasing  schedule 
reliability.  However,  the  magnitude  of  the  consequences  of 
timea  transfers  will  usually  depend  on  the  reliability  of  the 
connection,  which  involves  increased  schedule  reliability, 
hence,  tne  increases  in  user  satisfaction  caused  by 
implementing  timed  transfers  and  increasing  schedule 
reliability  may  exceed  the  sum  of  the  benefits  derived  from 
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using  tnose  two  components  individually.  Furthermore,  some 
options  nave  more  widespread  applicability  than  others; 
tnrougn-rou t ing , for  instance,  can  probably  be  implemented  on  a 
wiaer  range  of  property  types  than  pulse  scheouling,  although 
pulse  scheduling  has  more  far-reaching  effects.  Each  operator 
must  evaluate  the  service,  cost,  and  demand  conditions  on  the 
property  ana  the  consequences  of  alternative  policies  to 
aetermine  which  actions  would  be  the  most  productive. 
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Chapter  1 
INTRODUCTION 

1.1  Introduction 

Tnis  study  investigates  the  cost,  ridership,  revenue,  and 
user  satisfaction  consequences  of  alternative  transit  transfer 
policies.  A transfer  policy  consists  of  a set  of  operator 
actions  involving  vehicle  routing  and  scheduling,  transfer 
charges,  and  information  for  passengers  which,  in  some  way, 
affects  the  movement  of  passengers  between  transit  vehicles  as 
part  of  a continuing  trip.  Under  ideal  circumstances,  transit 
wcula  carry  all  users  directly  from  their  origins  to  their 
aestinations  without  requiring  a change  of  vehicles.  However, 
given  the  Dispersed  geographic  and  temporal  distribution  of 
trips,  such  direct  service  is,  of  course,  uneconomical  for 
transit  to  provide.  Therefore,  operators  must  take  some  set  of 
actions  (a  "transfer  policy")  to  serve  transferring 
passengers . 

As  specific  transfer  policy  options  are  implemented,  the 
costs  of  providing  service  will  vary.  Also,  as  the 
characteristics  of  the  service  change  from  the  consumers' 
viewpoint,  there  will  be  differences  in  the  level  of 
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satistaction  oDtained  by  transferring  and  nontransferring 
passengers  ali^e.  Ihese  may  lead  to  changes  in  ridership  and 
revenue.  The  purpose  of  collecting  and  analyzing  data  on 
current  ana  recent  transfer  policy  practice  is  to  enable 
evaluation  of  potential  transfer  policies  on  the  basis  of  their 
expected  costs  and  benefits. 

1.2  Conduct  of  the  Study 


The  results  of  this  study  are  based  primarily  on 
information  collected  in  telephone  interviews  with  transit 
professionals  knowledgeable  about  current  or  recent  transfer 
practice  in  the  United  States.  Discussions  were  carried  out 
with  a total  of  39  transit  operating  authorities  in  37  cities. 
Tne  cities  contacted  encompassed  both  bus  and  rail  transfer 
policies.  Rail  transfer  policies  apply  to  transfers  between 
DUS  ana  (neavy  or  commuter^  rail  or  rail  and  rail.  Bus 
transfer  policies  apply  solely  to  transfers  between  buses, 
figure  1-1  lists  the  properties  which  contributed  information 
to  the  stuay  of  bus  transfer  policies.  (Since  some  authorities 
manage  more  tnan  one  transit  system,  the  actual  number  of 
cities  wnose  experience  is  incorporated  in  this  report  is 
higher  than  the  number  of  transit  authorities  contacted.  The 
adaitional  cities  are  listed  in  parentheses  in  Figure  1-1. ) 
Figure  1-2  lists  the  corresponding  rail  properties  which 
contributed  information  to  the  study.  Some  properties  are 


^Transfers  involving  light  rail  have  explicity  not  been 
induced  in  this  study.  The  characteristics  of  light  rail 
operations  (e.g.,  use  of  shared  or  reserved  right-of-way,  at 
grade  or  grade  separation,  platform  facilities/stations,  etc.) 
vary  wiaely  across  settings,  making  it  extremely  difficult  to 
araw  useful  generalizations. 


37 


Fi  gure  1-1 

PRuPtkTlLS  PARTICIPATING  IN  THE  BUS  TRANSFER  POLICY  STUDY 


Albany,  NY 
Atlanta,  GA 
baltinore,  MU 
Boston,  MA 
BrocKton,  MA 
Buffalo,  NY 
Charleston,  WV 
Cleveland,  OH 
Colimbus,  OH 
Denver,  CO 

Duluth,  MN  (Superior,  WI) 
Eugene,  OR 
Everett,  WA 
Fresno,  CA 
Greenfield,  MA 
Hartford,  CT 
Indianapolis,  IN 
Jacksonville,  FL 
Knoxville,  TN 
Lafayette,  IN 

Lawrence,  MA  (Haverhill,  MA) 

Lewiston,  ME 

MeTiphis,  TN 

New  York  City,  NY 

Pittsburgh,  PA 

Portland,  ME 

Portland,  OR 

Providence,  RI 

San  Francisco,  CA^ 

Springfield,  MA^ 

Toledo,  OH 
Washington,  DC 
Westport,  CT 
Wi nston-Sal et,  nC 


^San  Francisco  Municipal  Railway. 
^Pioneer  Valley  Transit  Authority. 
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Fi  gure  1-2 

PkOPERTIEb  PARTICIPATING  IN  THE  RAIL  TRANSFER  POLICY  STUDY 


Atlanta,  GA 
boston,  MA 
Chicago,  IL 
Cleveland,  OH 
Detroit,  MI^ 

New  York  City,  NY 
Philadelphia,  PA 
Pittsburgh,  PA 
San  Francisco,  CA^ 
Westport,  CT 


^Southeastern  Michigan  Transportation  Authority  (SEMTA). 

^San  Francisco  Municipal  Railway,  Bay  Area  Rapid  Transit,  and 
a1  ameda-Contra  Transit. 
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founa  on  botifi  lists,  indicating  their  contribution  to  analysis 
of  both  bus  and  rail  transfer  policies. 

The  properties  in  Figure  1-1  were  selected  as  the  result 
of  a well-defined  process  of  identifying  candidates  for 
prouuctive  discussions.  (Due  to  the  small  number  of  properties 
with  rail  rapid  transit  operations,  the  list  in  Figure  1-2 
includes  almost  all  properties  with  rail  transit,  as  well  as 
some  commuter  rail. ) The  selection  process  for  the  study  of  bus 
transfer  policies  began  by  identifying  cities  with  innovative 
or  interesting  transfer  policies.  This  listing  was  then 
augmentea  by  including  properties  which  would  be  likely  to 
cooperate  with  the  study  (e.g.,  if  operators  were  acquaintances 
of  stuay  team  members) . Segmentation  criteria  were  developed 
(see  Figure  1-3)  to  ensure  that  the  study  examined  properties 
with  many  kinas  of  policies  and  attitudes  in  a variety  of 
environments.  The  final  selection  of  approximately  30 
properties  tor  bus  transfer  policy  interviews  attempted  to  draw 
evenly  from  the  12  cells  of  the  segmentation  scheme  in  Figure 
1--5. 


Figure  1-4  shows  the  properties  eventually  selected  for 
bus  transfer  policy  interviews,  and  their  place  in  the 
segmentation  scheme.  Note  that  some  cells  are  empty  or  nearly 
so.  Ideally,  each  cell  would  have  contained  approximately  the 
same  number  of  properties.  However,  some  cells  (e.g., 
full-tare  transfer  charge)  are  very  sparse  in  practice, 
possibly  reflecting  empirical  relationships  between  the 
segmentation  characteristics. 

The  interviews  themselves  generated  primarily  qualitative 
data  linking  specific  transfer  policies  to  their  consequences. 
In  addition,  a limited  amount  of  site-specific  quantitative 
data  were  obtained  from  some  properties.  In  general,  formal 
”before-and-af ter"  studies  of  changes  in  transfer  policies  only 
nave  not  been  performed  and  are  not  available.  Rather, 
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Fi  gure  1-3 

3£y-lEMTATI0N  CRITERIA  FOR  THE  BUS  TRANSFER  POLICY  STUDY 


Cr1  tenon 

Population  ot  service  area 
ATiount  or  transfer  cnarge 

extensive  use  of  tited  transfers 


Value 

Definition 

Large 

Over  600,000 

Smal  1 

Under  600,000 

Zero 

$.00 

Reduced 

$.05,  $.10 

Ful  1-fare 

Base  fare 

Yes 

Many  routes  involved 

during  day 

No 

Most  routes  not  invol 

during  day 
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Fi  gure  1-4 

SEQ^lENTED  PROPERTIES  FOR  BUS  TRANSFER  POLICY  STUDY 


Properties  Nhi'cn  Do  Not  Use  Ti'iied  Transfers  Extensively 

Transfer 


cnarge 

Small  Size 

Large  Size 

Full 

Lawrence,  MA 
JacKsonvil 1e,  FL 

boston,  MA 

Keauced 

Springfield,  MA 
Toledo,  OH^ 
Winston-Salem,  NC 
Knoxville,  TN^ 
Providence,  RI 

Pittsburgh,  PA 
Memphis,  TN^ 

New  York  City,  NY 
Baltimore,  MD 
Buffalo,  NY 
Indianapolis,  IN 

Zero 

Portland,  ME 
Hartford,  CT 
Greenfield,  MA 
Charleston,  WV 
Duluth,  MN 

Washington,  D.C 
Columbus,  OH^ 
Cleveland,  OH^ 
Atlanta,  GA 
San  Francisco,  CA 
Albany,  NY^ 

Properties  Which  Use  Timed 

Transfers  Extensively 

Transfer 

Cnarge 

Small  Size 

Large  Size 

Full 

Reduced 

Lafayette,  IN 

Zero 

Westport,  CT 
Eugene,  OR 
Fresno,  CA 
Brockton,  MA 
(Haverhill,  MA) 
Lewiston,  ME 
(Superior,  WI) 
Everett,  WA 

Denver,  CO^ 
Portland,  OR^ 

^Use  timed  transfers  in  evenings  (“line-ups"). 

^Planning  but  not  currently  using  timed  transfers  extensively. 

SOURCE:  Charles  River  Associates  Incorporated,  May  1979. 


42 


responaents  were  encouraged  to  draw  on  their  experience  and 
otter  information  and  insights  concerning  the  consequences  of 
particular  transfer  policies  in  different  settings. 

Sophisticated  statistical  methods  were  not  used  on  the 
aata  collectea  in  the  study.  It  was  more  appropriate  to 
tabulate  the  characteristics  of  existing  transfer  policy 
applications  and  compare  the  effects  of  the  same  transfer 
policy  component  at  different  properties.  This  analysis 
proceaure  yields  qualitative  relationships  among  transfer 
policy  components,  their  consequences,  and  site-specific 
factors  which  indicate  tne  general  magnitude  and  airection  of 
the  changes  that  can  be  expected  if  a transfer  policy  is 
moaified  in  a particular  situation.  These  results  should 
proviae  a valuable  guide  for  transit  operators  interested  in 
Che  consequences  of  implementation  of  particular  transfer 
policies  on  their  system. 

1.3  Outline  of  the  State-of-the-Ar t Report 

Chapters  1 through  3 of  this  report  describe  the  available 
transfer  policy  options  addressed  in  this  study,  and  provide  a 
detailea  Description  of  the  study  approach.  Chapter  4 
describes  findings  on  the  characteristics  of  transferring 
passengers.  Subsequent  chapters  describe  and  analyze  the 
current  practices  and  consequences  associated  with  each  of  11 
individual  transfer  policy  "components”  (see  Chapter  2).  Each 
component  has  its  own  chapter,  and  each  chapter  is  divided  into 
five  sections. 

The  first  section  of  each  chapter  is  a summary  description 
of  tne  transfer  policy  component  and  its  applicability.  The 
second  section  is  an  in-depth  review  of  current  practice  for 
the  component  when  applied  as  part  of  a bus/bus  transfer 
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policy.  This  section  includes  the  operator  actions  required  to 
implement  the  component,  the  types  of  transit  properties  at 
which  the  component  can  be  found,  and  how  the  use  of  the 
component  varies  from  property  to  property.  The  third  section 
in  eacn  chapter  describes  current  practice  for  that  component 
when  applied  as  part  of  a bus/rail  or  rail/rail  transfer 
policy . 

The  fourth  section  of  each  chapter  analyzes  the  cost,  user 
sat israction,  ridership,  and  revenue  consequences  which  follow 
from  tne  use  of  that  policy  component.  This  section  utilizes 
available  quantitative  and  qualitative  information  obtained 
rrom  both  users  and  nonusers  of  the  component  concerning  the 
effects  each  component  would  have.  VJhenever  appropriate,  the 
aitferences  in  consequences  between  application  of  the 
component  in  bus  and  rail  settings  are  detailed.  Finally,  the 
filth  section  provides  a synthesis  of  the  findings.  The  end 
result  IS  that  relationships  are  suggested  between  the 
consequences  of  the  policy  component  and  such  site-specific 
factors  as  historical  ana  current  patterns  of  passenger  flows, 
route  structure,  shape  ana  size  of  the  service  area,  layout  of 
tne  CBD,  existing  transfer  charges,  and  degree  of  schedule 
aanerence . 

The  last  chapter  is  a summary  of  the  conclusions  which  can 
be  made  in  both  a general  and  a site-specific  sense  about 
transfer  policies  and  their  consequences.  In  addition,  the 
role  of  transfer  policy  changes  in  the  context  of  overall 
system  moaif icat ions  is  addressed. 
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Chapter  2 
BACKGROUND 

2.1  Transit  Transfer  Policy  Options  and  Impacts 

The  opportunity  for  passengers  to  "transfer"  as  part  of  a 
transit  trip  has  existed  for  well  over  a century.  Ever  since 
the  time  two  or  more  transit  routes  converged  or  crossed  one 
anotner,  transit  transferring  has  been  possible.  The  early 
i-ositive  character  of  transfers  that  existed  when  public 
transportation  haa  a virtual  monopoly  on  urban  vehicular 
transportation  nas  unfortunately  given  way  to  today's 
negatively  valued  "need  to  transfer"  as  part  of  current  public 
transit  operation. 

Today's  uroan  areas  are  characterized  by  widely  dispersec 
travel  demanos  in  space  and  time.  Public  transit  involves 
aggregating  or  collecting  people  in  space  and  time  and 
transporting  them  in  "packages"  or  groups  on  transit  vehicles. 
Such  transit  service  cannot  serve  as  a perfect  link  between  all 
origins  ana  destinations  at  the  times  when  such  trips  are 
desired.  Direct  service  involving  no  change  of  vehicle  also 
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cannot  oe  proviaed  between  all  parts  of  a region  actually 
serveu  by  transit,  tnus  requiring  passengers  to  transfer 
oetween  vehicles. 

Lven  on  the  smallest  systems,  transit  agencies  have  a 
policy  regarcing  transfers.  The  policy  may  be  explicit  in  that 
It  aeiineates  vehicle  routing,  schedules,  and  fares  pertaining 
to  transfers,  or  it  may  be  silent  so  that  passengers  must  pay  a 
full  fare  and  take  their  chances  on  waiting  up  to  the  full 
headway  when  transferring  to  another  route.  In  either  case, 
the  policy  for  accommodating  transfers  is  based  on  a set  of 
goals  ana  objectives  (explicit  or  implicit),  and  represents  the 
selection  of  a program  of  action  (or  inaction)  over  many  other 
alternatives . 

2.2  Transfer  Policy  Components 

Given  the  large  number  of  possible  combinations  of 
transfer-related  actions,  and  the  variety  of  scenarios  in  which 
eacn  might  be  implemented,  it  is  clear  that  the  task  of 
iaentifying  the  supply  and  demand  effects  of  a particular 
transfer  policy  is  quite  formidable.  The  principal  method  for 
luaKing  this  task  manageable  is  the  reduction  of  transfer 
t-olicies  into  components.  Transfer  policy  components  (also 
known  as  transfer  policy  options  or  elements)  are  the  basic 
Duilding  blocks  which  make  up  transfer  policies,  and  are  thus 
both  less  numerous  and  less  complex  to  study  than  composite 
transfer  policies. 

Eleven  transfer  policy  components  wiU  be  explored  in  this 
stuay.  These  are  the  following: 

A . Routing  Components 

1.  Distance  between  routes  at  transfer  points; 

2.  Through-routing; 
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b . Scneouling  Components 

j.  Scneauie  coordination; 

4.  Dynamic  control  of  departure  times  at  transfer 
points ; 

5.  Timec  transfers; 

b.  Schedule  adherence  on  connecting  routes; 

7.  Service  frequency  on  connecting  routes; 

C . Pricing  Components 

b.  Transfer  charge; 

S.  Use  of  transfer  slips; 

D . Information  Components 

lU.  ii'rovision  of  schedule  information; 
il.  Marketing  initiatives. 

As  inaicated  by  the  four  subheadings,  grouping  these 
options  into  categories  helps  clarify  their  interrelationships, 
tor  example,  aistance  between  vehicles  at  transfer  points  and 
througn-routing  are  both  principally  concerned  with  spatial 
placement  of  routes  ana  walking  distances  for  transferring 
passengers.  The  first  transfer  policy  option  (distance  between 
routes  at  transfer  points)  is  the  most  basic  option  of  this 
type,  ana  includes  changes  in  bus  routing  at  the  transfer  point 
and  aesign  of  rail  station  facilities.  Through-routing  (the 
second  option)  presumes  that  routes  are  physically  aligned  in  a 
manner  wnich  facilitates  the  interlining  of  vehicles  (i.e., 
have  adjacent  termini)  and  additionally  requires  that  schedules 
be  made  compatible,  since  frequencies  normally  must  match  on 
connected  routes. 

The  second  category  of  transfer  options  is  primarily 
concerned  with  the  timing  of  vehicle  movements  (i.e., 
scheduling).  The  goal  of  these  transfer  policy  components  is 
generally  to  provide  low  transfer  times  between  routes  while  at 
the  same  time  not  adding  significantly  to  operating  costs  and 
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trie  inconvenience  ot  nontransferring  passengers.  Under  the 
rirst  of  the  five  options  in  this  category  (schedule 
coordination),  the  arrival  of  vehicles  at  a transfer  point  is 
scneauled  to  minimize  the  wait  time  of  transferring  passengers 
witnout  necessarily  guaranteeing  a physical  meeting  of 
vehicles.  The  next  component,  dynamic  control  of  departure 
times  at  transfer  points,  provides  for  vehicles  to  be  held  and 
meet  other  vehicles  on  connecting  routes  whenever  the 
uisruptive  effects  on  the  system  are  not  excessively  large. 
Timed  transfers  represent  the  extreme  component  of  this  type, 
since  it  virtually  guarantees  that  vehicles  will  actually  meet 
at  tne  transfer  point  through  revision  of  schedules  (and 
possioly  routes) . 

Eacn  ot  the  remaining  two  scheduling  options  has  impacts 
which  go  well  beyond  the  subject  of  transfer  policy  design, 
uowever,  to  the  extent  that  they  impact  transfer  policy,  it  is 
important  that  they  be  addressed.  Improved  schedule  adherence 
seeks  to  maximize  the  reliability  of  currently  scheduled 
vehicles,  and  to  reduce  the  mean  and  variance  of  wait  time  for 
transferring  passengers.  Increased  service  frequency  (i.e., 
scheduling  more  service)  is  also  likely  to  reduce  wait  time  for 
transferring  passengers,  and  ultimately  to  reduce  the  need  for 
any  kino  of  schedule  coordination  between  transferring 
vehicles . 

The  tnird  category  of  transfer  options  relates  to  pricing 
and  financial  considerations.  Obviously,  the  transfer  charge 
itself  is  the  most  important  option  of  this  type.  However,  the 
method  of  administering  the  charge  (e.g.,  use  of  transfer  slips 
or  provision  of  a gate-free  paid  area  for  transfers  between  bus 
ana  rail)  has  its  own  impacts  which  must  be  accounted  for  when 
free  or  reduced  fare  transfers  are  to  be  provided. 
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Tne  fourth  and  last  category  consists  of  options  primarily 
concerneo  with  the  dissemination  of  transfer  information.  The 
casic  option  of  this  type  is  the  provision  of  schedule 
information  about  existing  services.  hore  aggressive  marketing 
initiatives  may  not  only  increase  the  level  of  factual 
unoerstanoing  of  system  operations,  but  also  change  users' 
overall  perceptions  of  transit. 

These  transfer  policy  components  do  not  exhaust  the  list 
of  possiDle  actions  with  which  a study  of  transfer  policies 
mignt  oe  concerned.  It  should  be  noted  that  there  are  other 
transfer  policy  components  such  as  transit  shelters,  terminal 
facilities,  and  temporal  and  directional  restrictions  on 
reaucea  fare  transfers  which  affect  transferring  passengers, 
oue  ro  buager,  limitations,  however,  these  are  explicitly 
omitted  from  this  study.  Thus,  the  present  study  concerns 
Itself  only  witn  the  11  transfer  policy  components  listed 
aoove . 

2.3  Transfer  Policy  Consequences 

By  definition,  implementation  of  a particular  transfer 
policy  by  an  operator  involves  a set  of  actions  which  are 
liKely  to  have  important  consequences  on  both  the  supply  side 
and  demand  side.  These  consequences  can  usefully  be 
categorized  as  effects  on  operator  costs,  user  satisfaction, 
riaership,  ano  revenue. 

The  operator  costs  relevant  to  evaluating  alternative 
transfer  policy  components  are  composed  of  several  different 
elements.  First,  of  course,  are  actual  vehicle  operating 
costs,  as  measured  both  by  unit  cost  of  vehicle  operations 
(e.g.,  cost  per  vehicle  mile)  and  as  measured  by  volume  of 
vehicle  operation  (e.g.,  vehicle  miles  operated).  Second,  some 
transfer  policies  have  administrative  or  overhead  costs 
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associatea  with  them  which  ao  not  vary  markedly  with  volume  of 
venicle  operations.  Third,  capital  costs  can  be  affected  by 
Che  choice  of  transfer  policies. 

User  satisfaction  depends  on  the  transfer  level  of 
service.  Attributes  of  this  level  of  service  are  listed  in 
figure  2-1.  Any  change  in  transfer  policy  will  affect,  either 
Directly  or  indirectly,  one  or  more  of  these  attributes,  which 
in  turn  will  affect  the  satisfaction  of  users  from  different 
market  segments  to  different  degrees. 

The  changes  in  user  satisfaction  produced  by  alternative 
transfer  policies  will  usually  lead  co  ridership  changes  as 
well.  The  changes  in  ridership  are  of  two  types.  First, 
changes  in  total  transit  trips  (i.e.,  attraction  of  additional 
person-trips  to  system)  and  second,  changes  in  unlinked  trips 
witnout  changes  in  total  trips  (i.e.,  inducement  of  transit 
users  to  transfer  more)  . 

It  is  important  to  note  that  the  change  in  transfer  level 
of  service  with  a given  transfer  policy  may  vary  by  market 
segment  due  to  different  spatial  distribution  of  activities, 
in  addition,  a particular  change  in  transfer  level  of  service 
may  not  lead  to  identical  changes  in  transit  use  for  different 
user  groups.  for  example,  riders  with  an  auto  available  will 
differ  from  "captive"  riders,  who  have  no  other  choice  and  may 
continue  to  use  transit  regardless  of  the  quality  of  service 
(altnough  their  frequency  of  use  and  trip  length  may  vary). 

finally,  any  ridership  changes  which  do  occur  will 
generally  lead  to  revenue  impacts  as  well.  The  magnitude  of 
tne  changes  in  revenue  will  depend  on  the  relevant  fares  and 
transfer  charges.  The  amount  of  revenue  associated  with  a 
transfer  policy  can  also  vary  depending  on  the  level  of  abuse 
of  the  transfer  fare  collection  procedures. 


50 


Fi  gure  2-1 

transfek  level  uf  service  attributes 


Considered  in  Study 

§ Walking  tine/ di stance  required  to  transfer  (horizontal  distance  or 
vertical  distance) 

t Transfer  versus  no  transfer  (i.e.,  by  through-routi ng  vehicles) 

• Average  wait  tine  for  connecting  vehicle 

0 Variance  in  wait  tine  (transfer  reliability  and  probability  of  naking 
connection) 

0 Transfer  charge  (pricing  transfers  equal  to  or  less  than  full  fare) 

0 Ease  of  conprehension  of  transfer  policy  (for  above  attributes) 

Not  considered  in  Study 

0 Tenporal  and  directional  linitations  on  nonfull  fare  transfers 
0 Transfer  anenities  (e.g.,  shelter  fron  elenents,  physical  security) 
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An  additional  consequence  which  is  external  to  the  system, 
and  hence  does  not  fall  into  the  above  categories  concerns 
political/equity  issues.  Equity  considerations  can  be 
important  if  a transfer  policy  affects  one  user  group  more  than 
another.  Political  feasibility  (e.g.,  constraints  on  the 
distridution  of  transit  services  caused  by  system  financing 
arrangements)  often  determines  what  transfer  policies  can  be 
implemented. 

Special  attention  will  be  paid  in  this  report  to  the 
tradeoffs  between  different  consequences  of  a transfer  policy, 
tor  instance,  the  introduction  of  a transfer  fee  on  a property 
where  there  were  previously  free  transfers  involves  balancing 
equity,  revenue,  and  user  satisfaction.  Tradeoffs  of  this  type 
are  important  from  the  point  of  view  of  the  operator  in 
determining  how  well  a particular  transfer  policy  meets 
relevant  goals  and  objectives. 

A final  Key  issue  to  be  considered  is  the  combination  of 
transfer  policy  components  into  transfer  policies.  The 
transfer  policy  component  is  the  primary  unit  of  analysis  in 
this  study.  However,  combinations  of  components  whose 
consequences  are  not  simply  additive  will  be  identified  to  the 
greatest  extent  possible.  For  instance,  instituting  timed 
transfers  will  in  general  have  a positive  effect  on  user 
satisfaction,  as  will  increasing  schedule  reliability. 

However,  the  magnitude  of  the  consequences  of  timed  transfers 
will  usually  depend  on  the  reliability  of  the  connection,  which 
involves  increased  schedule  reliability.  Hence,  the  increase 
in  user  satisfaction  from  the  two  components  used  together  may 
not  simply  be  the  sum  of  the  two  components  used  individually. 
Thus,  an  important  focus  of  this  report  will  be  the 
identification  of  cases  where  there  are  large  interactional 
effects  among  transfer  policy  components. 
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Chapter  3 
STUD^  APPROACH 

3.1  Introduction 

Tne  oasic  approach  to  this  study  has  been  to  collect  data 
on  alternative  transfer  policies  and  their  impacts  by  means  of 
extensive  telephone  interviews  with  knowledgeable  transit 
professionals  at  a variety  of  transit  properties  across  the 
country.  The  large  amount  of  information  gathered  from  these 
interviews  was  then  analyzed  to  determine  the  effects  of 
cnanges  in  a transfer  policy. 

bection  1.3  has  already  outlined  the  properties  at  which 
interviews  were  conaucted,  and  the  criteria  used  in  choosing 
these  properties.  The  next  section  (Section  3.2)  describes  the 
types  of  people  interviewed,  the  types  of  data  collected,  and 
tne  manner  in  which  the  data  were  analyzed.  Finally,  Section 
3.3  lists  the  conditions  and  caveats  which  are  important  for 
unaers tending  the  limitations  of  the  scope  of  this  study  and 
the  valiaity  of  the  results  obtained. 
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3.2  Selection  of  Properties 


Tne  selection  of  the  properties  at  which  interviews  were 
to  he  conaactea  for  the  study  of  bus  transfer  policies  involved 
several  steps.  The  first  step  involved  a review  of  available 
literature  to  provide  an  introduction  to  the  transfer  practices 
of  many  transit  properties.  Particular  attention  was  given  to 
local  cities  which  have  undertaken  noteworthy  initiatives  in 
the  transfer  area,  since  operators  in  these  cities  would  appear 
to  he  good  interview  prospects.  This  list  of  properties  was 
augmented  by  including  acquaintances  of  study  team  members  who 
were  likely  to  he  cooperative  with  the  interviewing  process. 

The  next  step  was  to  formulate  segmentation  criteria  to 
ensure  that  the  properties  at  which  interviews  were  conducted 
encompassed  a wide  variety  of  environments,  attitudes,  and 
policies  for  transfers.  In  this  manner,  self-perpetuating 
biases  in  favor  of  the  most  prevalent  current  policies  could  be 
minimized  while  the  merits  of  less  popular  approaches  could  be 
evaluated  for  potential  future  applicability. 

Tne  following  three  dimensions  were  used  in  the 
"segmentation"  of  properties. 

• Population  of  service  area . Though  definitions  of 

service  area  vary  between  localities,  this  measure  was 
used  as  a proxy  for  the  congestion  and  demand  levels 
experienced  by  the  system.  These  factors,  in  turn,  have 
a direct  impact  on  operational  characteristics,  such  as 
schedule  reliability,  which  influence  the  applicability  of 
different  options  (particularly  timed  transfers) . 
Properties  were  divided  into  two  groups:  large  (service 
area  population  greater  than  600,000)  and  small  (less  than 
600,000) . 
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• Transfer  ciiarge . The  inclusion  in  the  study  of 
i^roperties  wnich  employ  a complete  range  of  transfer 
cnarges  (zero,  reducea,  or  full-fare)  was  especially 
important.  Aside  from  the  potential  system-based 
consequences  of  alternative  transfer  charges,  there  are 
"pnilosophical " differences  which  may  underlie  the 
willingness  of  operators  to  pursue  different  fare 
policies.  By  explicitly  considering  a range  of  transfer 
cnarge  options,  it  was  possible  to  include  properties 
which  have  fundamentally  different  attitudes  toward  their 
passengers  and  different  priorities  in  service  design. 

• Extensive  use  of  timed  transfers . Obviously  there  is 
merit  to  questioning  users  and  nonusers  of  an  option  as 
significant  as  timed  transfers.  In  addition,  given  the 
complexity  of  the  changes  which  can  accompany  "pulse" 
scheduling,  it  was  hypothesized  that  operators  who  employ 
this  option  perceive  transfers  to  be  a major  issue,  and 
are  willing  to  devote  a high  level  of  effort  to  improving 
them.  Thus,  users  of  this  option  were  likely  to  be 
productive  respondents. 

Figure  3-i  lists  the  segmentation  characteristics  of  each 
property  where  interviews  were  conducted  for  the  study  of  bus 
transfer  policies. 

One  criterion  for  selection  which  was  included  only 
informally,  but  was  nevertheless  important,  is  geographic 
location.  It  is  possible  that  regional  differences  in  the 
applicability  of  different  transfer  policy  options  will  be 
significant.  For  example,  older  cities  in  the  northeast  may 
have  evolved  around  relatively  dense  central  business 
districts,  while  more  recently  developed  western  cities  exhibit 
more  dispersed  land-use  patterns.  Given  the  importance  of 
congestion  and  demand  levels  described  earlier,  and  the 
relationship  between  these  factors  and  density,  the  relevance 
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Figure  3-1 

SEGMENTATION  CHARACTERISTICS  , 
BUS  TRANSFER  POLICIES 


Property 

Population  in 
Service  Area 
(Thousands ) 

Transfer 
Charge 
( Cents) 

Base 
Fare 
( Cents ) 

Fxtensi ye 
Use 

of  Timed 
Transfers 

Comment 

A 1 bany 

720 

0 

40 

No 

Uses  line-up  at  night 

At  1 anta 

1680 

0 

15 

No 

Ba 1 t i more 

1750 

5 

30 

No 

Boston 

2760 

25 

25 

No 

Brockton 

100 

0 

25 

Yes 

Bu  f f a 1 o 

1340 

5 

40 

No 

Char  1 eston 

200 

0 

25 

No 

C 1 eve  land 

1800 

0 

25 

No 

Has  1 i ne-up  at  n i ght 

Co  1 umbus 

1050 

0 

50 

No 

Has  1 i ne-up  at  n i ght 

Denver 

1540 

0 

50 

Yes 

Neighborhood  pulse  planned 

Du  1 uth 

140 

0 

35 

No 

Uses  pulse  in 

Superior,  Wl 

Eugene 

210 

0 

35 

Yes 

Everett 

50 

0 

20 

Yes 

Fresno 

310 

0 

25 

Yes 

Greenf i e 1 d 

70 

0 

25 

No 

Hartf ord 

470 

0 

35 

No 

1 nd i anapo 1 i s 

790 

5 

50 

No 

J acksonv i II  e 

580 

25 

25 

No 

Knoxvi  1 le 

190 

5 

30 

No 

Has  line-up  at  night 

Lafayette 

1 10 

5 

25 

Yes 

Lawrence 

200 

30 

30 

No 

Uses  pulse  in 

Haverh ill,  MA 

Lew i ston 

70 

0 

30 

Yes 

Memph i s 

670 

5 

50 

No 

New  York  City 

8000 

25 

50 

No 

Pi ttsburgh 

1600 

10 

50 

No 

Portland,  ME 

106 

0 

35 

No 

Portland,  OR 

950 

0 

40 

Yes 

Neighborhood  pulse  planned 

Also  has  pulse  at  niaht 

Prov i dence 

600 

5 

35 

No 

Uses  pulse  in 

Pawtucket,  PI 

San  Francisco 

670 

0 

25 

No 

Spr i ngf i e 1 d , 1 

MA  500 

10 

— 

No 

To  1 edo 

500 

5 

35 

No 

Has  1 i ne-up  at  n i ght 

Wash i ngton 

2500 

0 

40 

No 

Westport 

30 

0 

50 

Yes 

W i nston-Sa 1 em 

150 

5 

35 

No 

SOURCE:  Service  Populations;  APTA  Membershtp  Directory  - 1978-^  APTA  Membership 

Directory  - 1979 \ APTA  Transit  Operating  Report  - 1975\  and  APTA  Transit 
Operating  Report  - 1976.  Fare  and  timed  transfer  information  Gas  of 
March  1979);  operator  interviews, 
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of  geographic  descriptors  is  clear.  Also,  it  is  important  for 
this  study  to  avoid  regional  biases  in  order  to  preserve  the 
creaiDiiity  of  its  results  with  transit  operators  throughout 
the  country.  Therefore,  the  properties  at  which  interviews 
were  conaucted  were  drawn  from  the  widest  possible  geographic 
aistribution. 

for  the  next  step  in  the  selection  process,  it  was 
necessary  to  ensure  that  the  segmentation  data  were  accurate, 
ana  that  appropriate  interviewees  were  available.  Therefore 
initial  pnone  calls  were  placed  to  individuals  at  approximately 
bU  properties  in  order  to  obtain  or  verify  basic  data  on  the 
transfer  charge,  use  of  timed  transfers,  and  use  of 
through-routing.  These  phone  calls,  which  were  typically  made 
to  inoiviauals  in  public  relations/marketing  positions,  also 
yielaea  schedules,  route  maps,  and  internal  analyses  which  were 
helpful  in  the  course  of  this  study. 

As  much  as  possible,  the  properties  at  which  interviews 
were  to  be  conaucted  were  to  be  spaced  evenly  across  the  12 
cells  in  the  segmentation  scheme  to  obtain  the  desired 
successful  interviews  at  approximately  30  properties.  However, 
7 out  of  the  12  cells  --  notably  those  with  a full  transfer 
charge  --  proved  very  difficult  to  fill  (see  Figure  1-1)  . The 
difficulty  in  filling  all  segmentation  cells  can  be  attributed 
to  the  types  of  transfer  policies  currently  in  use,  and  is 
discussed  in  detail  in  later  chapters. 

The  same  multistep  selection  process  was  not  necessary  to 
choose  the  properties  to  interview  regarding  rail  transfer 
policies.  Given  the  comparatively  small  number  of  properties 
with  rail  rapid  transit,  the  decision  was  made  to  interview 
almost  all  of  them,  as  well  as  some  cities  served  by  commuter 
rail.  Figure  3-2  lists  the  applicable  segmentation 
characteristics  (size  and  transfer  charge)  of  the  properties 
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Fi  gure  3-2 

3tyvitMTATI0N  characteristics,  RAIL  TRANSFER  POLICIES 


urban  area 

Population  in 
Service  Area 
(Thousands) 

Predoni nant 
Bus/Rai  1 
Transfer 
Charge 
(Cehts) 

PredoTii  nant 
Rail /Rail 
Transfer 
Charge 
(Cents) 

Base 

Fare 

(Cents) 

Coiments 

Atl anta 

1680 

0 

0 

25 

boston 

2760 

25 

0 

25 

Comiuter  rail-to- 
rail  transit  free 
with  pass. 

Chicago 

4000 

10 

0 

50 

Cl evel and 

1800 

10 

0 

25  (bus) 

Transfer  charge  only 
applies  from  local 
bus  to  rail. 

uetroi  t 

2500 

0 

NA 

NA 

Between  commuter  rail 
and  feeder  bus. 

New  YorK 

8000 

50 

0 

50 

Bus/ rail  transfers 
free  wnere  bus  has 
replaced  rail 
transit. 

rnilaoelpnia 

4000 

5 

5 

45 

Transfer  charge  $.30 
between  divisions. 
Wide  range  of  reduced 
fares  between 
commuter  rail  and 
feeder  bus. 

Transfers  from 
Lindenwold  line  are 
half  fare. 

Pi  ttsburgh 

1600 

10 

10 

50 

Transfer  to  commuter 

rail  is  full  fare. 


Table  continued  on  following  page. 
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Figure  3-2  (Continued) 

SEyviENTATIUN  CHARACTERISTICS,  RAIL  TRANSFER  POLICIES 


PredoTii  nant 
Bus/Rai  1 

Predomi nant 
Ra  i 1 /Ra i 1 

Population  in 

Transfer 

Transfer 

Base 

Service  Area 

Charge 

Charge 

Fare 

uroan  Area 
San 

(Tnousanos) 

(Cents) 

(Cents) 

(Cents)  CoTHients 

Franci sco 

2354 

Hal f-fare 

0 

25 

Transfer  between  BART 
and  Muni  or  AC 
Transi t. 

wasni  ngtori, 

uc 

2500 

Hal  f-fare 

0 

40 

westport 

30 

Full 

NA 

50 

Transfer  between 
Conrail  and  Westport 
buses. 
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interviewed  regarding  rail  transfer  policies,  though  these 
cnaracteris t ICS  were  not  used  to  select  the  properties  to  be 
interviewed . 


3.3  Interview  Process 

In  tne  course  of  the  interview  process,  approximately  70 
different  people  were  interviewed.  These  included  general 
managers,  scnedule  makers,  operations  planners,  marketing 
personnel,  and  others.  Note  that  at  many  properties,  more  than 
one  individual  was  interviewed.  Also,  many  individuals  were 
interviewed  more  than  once. 

The  interviews  addressee  the  following  topics; 

• Detailed  characteristics  of  current  transfer  policy; 

• Rationale  for  current  transfer; 

• Consequences  of  current  transfer  policy; 

• Fast  practices  and  results  of  changing  transfer  policies; 

• Alternatives  considered  and  anticipated  impacts;  and 

• Advantages  and  disadvantages  of  different  transfer 
policies . 

Some  site-specific  quantitative  data  relevant  to  changes 
in  transfer  policies  were  obtained  from  the  interviews. 
Unfortunately,  almost  none  of  the  data  corresponded  to  careful 
"before-and-af ter"  studies  of  changes  in  transfer  policy  only. 
Such  disciplined  evaluations  currently  characteristic  of  the 
Service  and  Methods  Demonstration  Program  have  been  essentially 
nonexistent  in  the  transfer  policy  area.  The  interviews  did 
provide  a large  amount  of  qualitative  data  linking  specific 
transfer  policies  to  their  consequences.  In  addition,  many  of 
the  respondents,  drawing  on  their  experience  in  transit,  were 
able  to  offer  informed  opinions  concerning  the  types  of 
properties  where  particular  transfer  policies  would  be 
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applicable,  ana  wbat  their  consequences  would  be.  This  highly 
insightful  though  generally  qualitative  information  is 
presentee  in  this  report. 

The  chosen  method  of  analysis  has  been  to  tabulate  the 
cnaracter is tics  of  existing  transfer  policy  applications  in 
oroer  to  link  components  of  transfer  policies  with  their 
consequences.  This  analysis  proceeded  concurrently  with  the 
aata  collection,  enabling  the  formation  of  tentative  hypotheses 
which  coula  be  discussed  during  subsequent  interviews.  The 
intormation  collected  in  the  study  was  generally  too 
qualitative  to  warrant  the  use  of  sophisticated  statistical 
models . 

By  comparing  the  effects  of  the  same  transfer  policy 
component  at  different  properties,  it  has  been  possible  in  many 
cases  to  inter  how  the  relationships  between  transfer  policy 
components  and  their  consequences  are  influenced  by 
site-specific  factors.  It  should  be  emphasized  that  these 
relationships  are  not  in  equation  form.  Rather,  they  are 
indications  of  the  general  magnitude  and  direction  of  change 
that  can  be  expected  if  a transfer  policy  is  changed  in  a 
particular  situation.  These  qualitative  relationships  are 
quite  easy  to  use,  particularly  for  people  without  the  time  or 
resources  to  employ  sophisticated  models. 

3.4  C^ual if ications  and  Caveats 

having  described  what  this  study  was  designed  to  do,  it  is 
equally  important  to  discuss  relevant  limitations  on  study 
findings.  These  caveats  are  essential  for  understanding  the 
significance  of  study  results. 

One  group  of  caveats  concerns  limitations  set  on  the  scope 
of  the  study  before  it  was  begun: 
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1.  Temporal  ana  directional  restrictions  on  reduced-fare 
transfers  are  not  considered. 

z.  Transfer  amenities,  such  as  shelters  from  the  elements  and 
physical  security,  are  not  considered. 

3.  detailed  rail  station  layout  and  bus  terminal  layout  will 
not  be  considered. 

b.  j\oute  structure  is  generally  assumed  to  be  fixed,  as  are 
other  site-specific  characteristics  of  the  transit 
properties  except  where  otherwise  mentioned. 

A second  set  of  limitations  on  the  study  results  are  those 

imposed  by  the  study  approach  and  the  nature  of  the  available 

data: 

1.  Data,  and  hence  conclusions,  are  generally  qualitative  and 
not  quantitative  in  nature. 

-i.  Tne  study  was  not  designed  to  be  a statistically  random 
survey  of  transfer  policies.  The  properties  at  which 
interviews  were  conducted  were  chosen,  in  part,  because 
they  nad  interesting  transfer  policies,  or  available  data, 
and  were  cooperative  with  the  study.  Hence,  this  study 
cannot  maKe  reliable  statements  concerning  the  current 
overall  utilization  of  particular  transfer  options. 

3.  In  tne  sample  of  properties  at  which  interviews  were 

conducted  some  bias  may  exist  toward  publicly  owned 
properties,  who  are  members  of  APTA  and  whose  executive 
staff  are  active  in  the  Transportation  Research  Board 
(TRB) . 

4.  Since  changes  in  transfer  policy  usually  occur 

simultaneously  with  other  major  system  changes,  it  is 
difficult  to  separate  out  the  transfer-related  effects 
from  the  other  effects. 

5.  Interviews,  by  nature,  yield  a subjective  view  of  the 

consequences  of  transfer  policies.  This  is  especially 
true  for  user  satisfaction,  for  which  serious  measurement 
problems  exist  under  the  best  of  circumstances. 
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b.  Interviews  with  more  than  one  individual  at  the  same 

property  often  reveal  differing  appraisals  of  a particular 
transfer  policy.  For  example,  on  properties  where  a 
formerly  private  operator  is  now  under  a transit 
authority,  the  views  of  the  planners  at  the  authority  and 
the  operators  often  diverge. 

7.  Some  hignly  useful  quantitative  data,  particularly  transfer 
rates,  have  been  made  difficult  to  collect  by  widespread 
use  of  prepaio  passes,  free-fare  zones,  and 
tnrougn-riding. 

These  limitations  place  some  restrictions  on  the 
robustness  and  generalizability  of  study  findings.  Within 
these  limitations,  however,  it  has  been  possible  to  arrive  at 
conclusions  which  should  aid  operators  in  formulating  and 
evaluating  transfer  policies  for  their  properties. 


J.5  Literature  Review 

A review  of  literature  relevant  to  transfers  and  transfer 
policy  design  was  conaucted  at  the  beginning  of  the  study. 

This  literature  review  had  several  purposes: 

• Review  of  findings  of  previous  studies  of  transfer  policy 
issues ; 

• Development  of  research  issues; 

• Selection  of  transit  properties  for  interviewing;  and 

• Review  ot  relevant  transit  demand  studies, 
unfortunately,  previous  research  on  transit  transfers  has 

not  generally  addressed  many  of  the  substantive  issues  in  the 
current  study.  There  are  very  few  cases  where  rigorous 
analyses  of  transfer  policy  alternatives  have  been  undertaken. 
Previously  documented  quantitative  work  at  the  local  level 
tends  to  consider  many  service  improvement  recommendations 
simultaneously,  without  distinguishing  between  the  impacts 
caused  by  the  change  in  transfer  policy  and  those  which  could 
oe  attributed  to  other  changes. 
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For  example,  although  many  transit  agencies  have  data  on 
changes  in  transit  ridership  that  occurred  after  changes  in 
fares,  there  is  a paucity  of  published  data  on  changes  in 
transit  ridership  that  can  be  attributed  solely  to  cnanges  in 
transfer  charges.  Since  a change  in  transfer  charge  is  usually 
associatea  with  a change  in  system-wide  base  fares,  it  is 
uitficult  to  distinguish  the  separate  effects  of  each  change, 
tor  tnis  transfer  component,  as  well  as  the  others,  the 
literature  review  yielded  little  direct  information  on  the 
consequences  of  different  transfer  policies. 

however,  the  literature  review  was  helpful  in  determining 
many  important  topics  which  needed  to  be  addressed  in  the 
operator  interviews.  For  instance,  the  Transportation  Systems 
Center  (TSC)  staff  study  on  timed  transfers^  raised  several 
important  points  about  their  consequences  and  applicability. 

The  Providence  Auto  Restricted  Zone  (ARZ)  study ^ identified 
some  considerations  relevant  to  through-routing  and  transfer 
pricing.  Issues  related  to  a limited  number  of  other  transfer 
options  were  also  addressed  in  the  literature. 

The  literature  review  provided  considerable  guidance  in 
selecting  the  properties  to  be  interviewed.  American  Public 
Transit  Association  (APTA)  Fare  Reports  and  Operating  Reports 
yielded  information  on  transfer  charges  and  number  of 
transferees.  Trade  periodicals  were  another  good  source  of 
"interesting"  transfer  policies  to  be  studied.  Taking  all  of 


^K.  H.  Schaeffer,  "Timed  Transfer  Focal  Point  Service, 
Transportation  Systems  Center,  November  1976. 

"^Alan  W.  Voorhees  and  Associates,  Providence  Auto 
Restricted  Zone  Technical  Appendices , UMTA,  June  1977. 
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tne  available  intormation  into  account,  it  was  possible  to 
isolate  a proauctive  set  of  sample  properties  with  relevant 
transter  policies. 

Tne  fourth  and  final  purpose  of  the  literature  review  was 
to  investigate  existing  demand  studies,  not  necessarily 
transrer-related,  in  order  to  help  determine  many 
aemana-related  impacts  of  alternative  transfer  policies. 
Keviewing  the  demand  literature  was  an  essential  part  of  the 
study  since  operators  may  not  be  able  to  assess  changes  in 
consumer  responses  as  well  as  they  can  estimate  operational 
impacts.  This  part  of  the  review,  described  in  more  detail  in 
Section  4.5,  focused  on  obtaining  demand  elasticities  for  wait, 
walK,  and  transter  times,  and  for  fares  for  use  in  predicting 
tne  effects  of  transfer  policy  options. 

Appropriate  literature  will  be  cited  in  the  text  wherever 
It  relates  to  a given  point.  A bibliography  of  literature 
relevant  to  transfer-related  issues  is  included  at  the  end  of 
tnis  report  as  Appendix  A. 
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Chapter  4 

DESCRIPTION  OF  TRANSFERRING  PASSENGERS 
4.1  Introduction 


The  demand  for  transferring  on  a transit  property  clearly 
influences  the  type  of  transfer  policy  adopted.  Relevant 
transier  aemand  cnaracter ist ics  include  such  elements  as; 

• The  percentage  of  riders  who  transfer; 

• Their  socioeconomic  and  trip  purpose  characteristics; 

• Transfer  point  locations;  and 

• Directional  and  temporal  characteristics. 

It  a transit  operator  had  all  of  this  information  for  the 
existing  system,  transfer  policy  design  would  be  made 
consiaerably  easier.  However,  these  data  are  usually  difficult 
to  ODtain.  For  example,  calculation  of  transfer  rates  from 
transfer  slip  counts  is  distorted  by  transit  passes, 
tnrough-riding,  and  free-fare  zones.  Surveys,  which  are  the 
most  reliable  method  tor  determining  the  characteristics  of 
transferees,  are  difficult  and  expensive  to  administer. 
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Furtnermcre , information  gathered  on  one  property  is  usually 
not  airectiy  applicable  to  another,  since  transfer 
characteristics  depend  heavily  on  site-specific  factors  such  as 
route  structure  and  location  of  residential  areas  and  major 
trip  generators. 

notwithstanding  these  difficulties,  it  has  been  possible 
to  construct  a composite  picture  of  transferring  passengers. 
This  picture  outlines  the  ranges  into  which  the  above 
cnaracteris tics  of  demand  can  be  expected  to  fall,  and 
identifies  the  reasons  why  particular  properties  may  be  outside 
these  ranges.  This  composite  picture  does  not  purport  to 
describe  the  transfer  characteristics  on  any  particular 
property.  However,  by  providing  a guide  to  typical  transfer 
characteristics,  the  composite  picture  should  help  the  operator 
isolate  the  unique  transfer-related  features  of  his  own 
property . 

The  results  presented  in  this  chapter  are  organized  as 
follows.  Section  4.2  focuses  on  the  overall  bus  to  bus 
transfer  rate  and  how  it  is  correlated  with  different  transfer 
policies  and  site-specific  factors,  while  Section  4.3  analyzes 
rhe  transfer  rate  on  properties  with  rail  transit  in  a similar 
manner. 

Section  4.4  examines  the  pattern  of  transferring  at 
individual  transfer  points  for  bus/bus  and  bus/rail 
transferring.  Since  the  amount  of  site-specific  detail  at  this 
level  relevant  for  describing  cause  and  effect  is  greater  than 
at  the  system  level,  the  conclusions  drawn  will  necessarily  be 
more  tentative.  Transfer  rates  at  a particular  transfer  point 
may  differ  enormously  from  the  overall  transfer  rate,  with 
further  variation  by  time  of  day  and  day  of  week. 

Section  4.5  reviews  the  demand-related  literature  as  it 
applies  to  transfers.  It  identifies  some  useful  sources  for 
demand  elasticities,  particularly  for  wait,  walk,  and  transfer 


67 


time.  These  elasticities  are  then  related  to  the  transfer 
rate,  Doth  on  a system-wide  basis,  and  at  the  level  of 
inaiviaaal  transfer  points. 

Section  4.6  identifies  typical  characteristics  of 
transferring  passengers.  It  is  based  on  market  surveys  and 
other  information  collected  through  the  operator  interviews. 
Section  4.7  then  reviews  the  results  of  the  previous  sections 
in  a Droaaer  context,  and  re-emphasizes  the  site-specific  cause 
and  effect  nature  of  demand  for  transfers. 

4.2  Overall  Bus/Bus  Transfer  Rate 


Tne  transfer  rate  on  a system  is  defined  in  several 
aifferent  ways  in  the  literature  and  in  practice.  In  this 
report  the  transfer  rate  will  be  the  percentage  of  transit 
person-tr ips  which  involve  transfers  between  transit  vehicles . 
Persons  who  utilize  a fare  prepayment  device  will  count  as 
transfers,  while  persons  who  transfer  more  than  once  in  the 
course  of  a trip  are  not  double-counted.  This  definition  of 
transfer  rate  is  assigned  to  measure  the  proportion  of  riders 
who  woula  be  affected  by  a change  in  transfer  policy. 

Calculation  of  the  transfer  rate  (TR)  is  not  necessarily  a 
straightforward  task.  The  following  are  examples  of  possible 
approaches,  depending  on  the  different  data  which  are  available 
locally : 

1.  The  total  number  of  person-trips  (P)  and  the  number  of 

person-trips  which  involve  transfers  (PT);  TR  = PT/P. 

2.  Total  boarding  riders  (R),  and  the  total  number  of  transfers 

(T),  (under  the  assumption  that  no  trips  involve  double 
transfers);  TR  = T/(R  - T). 

3.  Total  boarding  riders  (R),  number  of  person-trips  involving 

a single  transfer  (T^)^  and  number  of  person-trips 
involving  a double  transfer  (T2);  TR  = (Ti  + T2)/ 

(R  - T'l  - 2T2)  . 
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Other  approaches  could  also  be  used  to  derive  the  transfer 

rate. 

The  transfer  rate  on  a particular  route  must  also  be 
uetinea.  The  transfer  rate  from  a route  (or  egress  transfer 
rate ) is  defined  as  the  percentage  of  passengers  boarding  that 
route  who  trahsfer  to  ahother  transit  vehicle.  The  transfer 
rate  a route  (or  access  transfer  rate ) is  the  percentage  of 
all  passengers  boarding  that  route  who  are  transferring  from 
another  transit  vehicle.  Finally,  the  route  transfer  rate  is 
tne  percentage  of  riders  on  that  route  whose  trip  has  involved 
or  will  involve  a transfer.  This  last  number  is  similar  to  the 
transfer  rate  for  the  entire  property  in  that  it  measures  how 
wide  an  impact  a change  in  transfer  policy  will  have.  Note 
that  in  ail  three  cases  the  denominator  is  total  rather  than 
revenue  passengers. 

The  accuracy  of  the  calculated  figure  for  the  transfer 
rate  is  necessarily  determined  by  the  accuracy  of  the  numbers 
which  maKe  it  up.  Counts  of  transfer  slips  can  either  yield 
total  numoers  of  transfers  or  numbers  of  person-trips  involving 
transfers,  depending  on  whether  a separate  transfer  slip  is 
issued  for  each  leg  of  a multiple-transfer  journey.  However, 
transfers  by  persons  using  transit  passes  would  not  be  included 
in  the  transfer  slip  count,  thus  biasing  the  calculated 
transfer  rate  downward  if  pass  users  are  included  in  the  total 
r idership . 

It  pass  users  are  not  included  in  the  total  ridership 
figure,  the  relation  between  the  actual  transfer  rate  and 
calculated  rate  is  uncertain.  On  one  hand,  if  transfers  are 
not  tree,  leaving  out  pass  users  may  bias  the  calculated 
transfer  rate  downward  since  pass  holders  do  not  pay  for 
individual  transfers  and  therefore  may  transfer  more  often  than 
non-pass  riders  who  pay  for  each  transfer  made.  However,  if 
most  of  the  pass  users  are  commuters  who  can  get  to  their 
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vvorK  places  (i.e.,  CED)  by  transit  without  transferring,  then 
leaving  out  pass  users  biases  the  calculated  transfer  rate 
upwara. 

On  properties  with  no  transfer  slips  or  with  a high 
pass-use  rate,  surveys  or  counts  at  major  transfer 
points  can  supply  transfer  data.  However,  information 
obtained  in  this  way  may  contain  omissions  and  biases  of  its 
own.  E'or  example,  a survey  which  asks  users  if  they  transfer 
on  their  usual  transit  trip  will  be  giving  disproportionate 
weignt  to  the  transfer  patterns  of  infrequent  users. 

V^herever  necessary,  transfer  rates  cited  in  this  report 
nave  oeen  calculated  using  the  available  numbers  for  transfers 
ana  total  ridership,  with  the  assumption  that  transit  pass 
users  nave  tne  same  approximate  transfer  rate  as  nonusers. 

Ihis  approach  has  oeen  supplemented  wherever  possible  by  survey 
results.  If  no  surveys  had  been  taken,  the  transit  operator 
was  requestea  to  give  his  best  estimate  of  the  volume  of 
transferring  passengers. 

diven  the  uncertainty  associated  with  any  tabulation  of 
transfer  rates,  it  is  still  possible  to  construct  a composite 
picture  of  transferring.  The  average  bus/bus  transfer  rate  on 
those  properties  where  interviews  were  conducted  is 
approximately  21  percent. ^ Several  properties  had  a transfer 
rate  on  tne  order  of  5 percent.  On  the  other  hand,  transfer 
rates  as  nigh  as  50  percent  were  observed,  and  rates  on 
noninterviewea  properties  could  even  be  higher.  For  the  most 
part,  however,  the  bus/bus  transfer  rate  lies  between  10  and  35 
percent . 

Transfer  rates  seem  to  be  correlated  with  the  transfer 
policy  used.  As  shown  below,  properties  which  currently  use 
timea  transfers  extensively  have  an  average  transfer  rate  of  28 

^All  transfer  rates  in  this  section  (4.2)  refer  to  bus/bus 
transfers . 
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percent,  while  properties  which  did  not  use  timed  transfers 
extensively  haa  an  average  transfer  rate  of  approximately  18 
percent . 

Average 

Transfer  Rate  Low  High 

(Percent ) ( Percent ) ( Percent ) 

Properties  which 
use  timea  transfers 

extensively  28  18  50 

properties  which  do 
not  use  timed 

transfers  extensively  18  5 33 

It  shoula  be  noted,  though,  that  the  causal  relationship  here 
IS  not  clear.  Timed  transfers  may  increase  the  transfer  rate 
tnrough  a reauction  in  transfer  time  but  conversely,  the 
existence  of  travel  patterns  which  result  in  a high  transfer 
rate  may  make  it  more  likely  that  a property  will  institute 
timea  transfers.  This  is  a good  example  of  a problem 
encounterea  continually  in  this  report  --  indeed,  in  all  cause 
ana  effect  modeling  --  of  identifying  which  factors  are  causes 
ana  which  are  effects. 

Another  policy  option  which  seems  to  be  loosely  correlated 
with  bus/bus  transfer  rates  is  charging  for  transfers. 
Properties  which  ao  not  charge  for  transfers  have  an  average 
transfer  rate  of  approximately  22  percent,  while  properties 
Which  do  charge  for  transfers  have  an  average  transfer  rate  of 
approximately  18  percent. 
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Average 
(Percent ) 


( Percent ) 


Low 


High 

( Percent ) 


ji^roperties  which  do 
not  charge  tor 
transfers 


21.  5 


5 


37 


t'roperties  wnich  do 
charge  for  transfers 


17.5 


5 


50 


Once  again,  there  is  no  obvious  causal  relationship.  Having  no 
transfer  cnarge  may  attract  new  transfers,  but  a high  bus/bus 
transfer  rate  may  also  lead  to  no  transfer  charge  for 
political/equity  reasons. 

One  transfer  option  which  has  an  obvious  direct  effect  on 
the  transfer  rate  is  through-routing.  Individuals  who  ride 
cnrougn  on  the  same  bus  traveling  two  bus  routes  are  not 
countea  as  transfers.  Therefore,  it  is  not  surprising  that 
properties  which  have  no  through-routing  have  a higher  average 
transfer  rate  (23  percent)  than  those  properties  which  have 
some  aegree  of  through-routing  (19  percent) . 

The  size  of  the  property  also  has  a large  influence  on  the 
overall  transfer  rate.  The  average  bus/bus  transfer  rate  in 
the  large  cities  where  interviews  were  conducted  is  somewhat 
nigner  than  the  average  transfer  rate  in  the  small  cities  (20.3 
percent  versus  19.5  percent).  However,  when  the  properties 
whicn  currently  use  timed  transfers  extensively  (all  of  which 
are  small)  are  separated  from  the  remainder  of  the  small 
properties,  the  relationship  between  size  and  transfer  rate 
becomes  clearer. 
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Large  properties 


Average 
Transfer  Rate 
(Percent ) 


Low 


High 

( Percent ) 


( Percent ) 


20.3 


10 


33 


Small  properties  which 
ao  not  use  timed 
transfers 


11.8 


5 


20 


Small  properties  which 
ao  use  timed 
transfers 


30.  5 


18 


50 


It  is  reasonable  to  assume  that  this  finding  is  a 
reflection  of  the  increased  dispersion  of  origins  and 
destinations  found  on  large  properties.  This  leads  to  a higher 
volume  of  transfers  than  would  be  found  in  a smaller 
(geographical  or  population)  city  with  employment  and  shopping 
concentrated  in  one  central  area.  However,  there  is  no  reason 
wny  a particular  small  property  cannot  have  a high  transfer 
rate  due  to  dispersed  origins  and  destinations.  Not 
surprisingly,  several  properties  where  interviews  were 
conducted,  both  small  and  large,  reported  that  increased 
eniployment  ana  shopping  outside  of  the  CBD  was  followed  by 
increased  transferring. 

A related  factor  is  the  size  of  the  CBD.  If  the  CBD  is 
quite  large,  or  not  compact,  individuals  who  are  riding  to 
downtown  may  find  that  their  bus  does  not  pass  near  their 
destination,  necessitating  a transfer  to  another  bus.  Even 
properties  with  relatively  narrow  CBDs  can  have  significant 
amounts  of  transferring  depending  upon  the  coverage  provided  by 
individual  routes. 
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Tnere  is  no  strong  relationship  between  the  presence  of  a 
grid  bus  system  and  the  overall  bus/bus  transfer  rate.  A grid 
system  cuts  down  on  the  need  to  transfer  for  cross-town  trips, 
on  the  other  hand,  a grid  system  will  usually  have  many  more 
distinct  transfer  points,  and  people  served  by  cross-town 
routes  may  have  to  transfer  to  go  downtown.  Several  cities  now 
are  implementing  plans  to  change  from  radial  systems  to  a "bus 
transit  center"  concept,^  which  involves  a grid  route  system 
connecting  transit  suDcenters,  plus  neighborhood  routes  focused 
on  tnese  subcenters.  This  route  restructuring  is  expected  to 
increase  the  transfer  rate  significantly  due  to  the  "feeder" 
role  of  the  neighborhood  routes. 

The  emphasis  in  tnis  section  thus  far  has  been  on  relating 
single  characteristics  of  properties  to  their  transfer  rates. 

It  IS  also  quite  informative  to  analyze  how  sets  of 
characteristics  affect  the  transfer  rate.  Figure  4-1  gives  the 
average  and  range  of  the  transfer  rates  for  the  properties  in 
each  of  the  original  segmentation  cells.  All  properties  for 
whicn  appropriate  bus/bus  transfer  rate  data  are  available 
(includes  2b  of  the  34  properties  listed  in  Figure  1-1)  are 
included  in  this  figure. 

t igure  4-1  implies  that  size  of  property  and  use  of  timed 
transfers  are  much  more  important  in  determining  the  bus/bus 
transfer  rate  than  amount  of  transfer  charge.  Although,  as 
noted  before,  the  overall  transfer  rate  of  properties  with  zero 
transfer  charge  is  higher  than  the  transfer  rate  of  those  with 
nonzero  transfer  charge,  this  relationship  appears  to  be  due  to 
the  influence  of  the  large  properties  and  of  the  small 
properties  with  timed  transfers.  The  use  of  timed  transfers 
and  size  of  property  generally  seem  to  be  correlated  with  the 
transfer  rate. 


^Among  these  cities  are  Portland,  Oregon  and  Denver, 
Colorado.  Both  of  these  cities  plan  to  have  timed  transfers 
Between  neighborhood  routes  at  many  of  the  transit  subcenters. 
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Fi  gure  4-1 


AVERAGE  AND  RANGE  OF  BUS/BUS  TRANSFER  RATES 
BY  SEGiviENTATION  CELL^ 

(Percent) 


Properties 

Which  Do  Not  Use  Timed  Transfers 

Extensi vely 

Transfer  Charge 

Small  Size 

Large  Size 

Full 

Avg:  12.5 

Range:  (5-20) 

Reduced 

Avg:  13 

Avg:  16.6 

Range:  (5-18) 

Range:  (10-2 

^ero 

Avg:  10.3 

Avg:  24.2 

Range:  (5-23) 

Range  (11-23) 

Properties  Which  Use  Tined  Transfers  Extensively 


Transrer  Charge  Siiall  Size  Large  Size 

Full 

Reduced  Range:  50 

(only  one  property 
1 nterviewed) 

Zero  Avg:  27.3 

Range:  (18-37) 


Hix  properties  not  included  because  of  lacK  of  accurate  transfer  rate 
1 nfomation. 

SOURCE:  Operator  interviews. 
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4.3  Overall  Bus/Rail  Transfer  Rate 


Tne  raost  useful  information  that  can  be  conveyed  by  a 
transfer  rate  is  a measure  of  how  many  riders  would  be  affected 
a change  in  transfer  policy.  Vvith  this  in  mind,  the 
intermoQal  rail  transfer  rate  is  defined  as  the  percentage  of 
rail  riaers  whose  trip  has  involved  or  will  involve  a transfer 
to  another  transit  mode  (streetcars,  buses,  cable  cars,  trolley 
Duses) . If  bus  is  the  only  other  transit  mode,  then  this 
numoer  will  be  given  in  this  report  as  the  bus/rail  transfer 
rate . 

There  are  several  ways  to  calculate  the  intermodal  rail 
transfer  rate  (IRTR)  based  on  various  data  and  assumptions. 

Tne  following  provide  some  examples: 

1.  The  total  number  of  person  trips  on  rail  (RP)  and  the  number 

of  person  trips  on  rail  which  involve  transfers  to  or  from 
other  transit  modes  (RPT):  IRTR  = RPT/RP. 

2.  Tne  total  number  of  person  trips  on  rail  (RP) , the  number  of 

person  trips  on  rail  whose  access  mode  was  other  transit 
(AP),  the  number  of  person  trips  on  rail  whose  egress  mode 
was  other  transit  (EP),  and  the  number  of  person  trips  on 
rail  for  which  botn  the  access  and  egress  mode  was  other 
transit  (uP):  IRTR  = (AP  + EP  - DP)/RP. 

The  remaining  calculation  schemes  given  below  all  assume 
that  for  every  access  to  rail  by  other  transit  there  is  a 
similar  egress  by  other  transit  and  vice  versa  (symmetry),  and 
that  there  are  no  rail  riders  who  use  other  transit  for  both 
access  and  egress  on  the  same  trip. 

u.  The  total  number  of  person  trips  on  rail  (RP)  and  the  number 
of  person  trips  on  rail  in  which  the  access  mode  is  other 
transit  (AP):  IRTR  = 2AP/RP. 

3A.  The  percentage  of  rail  person  trips  in  which  the  access 
mode  is  other  transit  (AR):  IRTR  = 2AR. 
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4.  ine  total  number  of  person  trips  on  rail  (RP),  and  the 

number  of  person  trips  on  rail  in  which  the  egress  mode  is 
other  transit  (LP):  IRTR  = 2EP/RP. 

4A.  The  percentage  of  rail  person  trips  in  which  the  egress 
moae  is  other  transit  (ER):  IRTR  = 2ER. 

D.  The  number  of  person  trips  on  rail  whose  originating  mode  is 
rail  (OR)  ana  the  number  of  person  trips  on  rail  in  which 
tne  egress  mode  is  other  transit  (EP): 

IRTR  = 2EP/ (OR  + EP) . 

It  is  necessary  to  present  sucn  a variety  of  alternative 
methoas  because  data  availability  is  often  a constraint, 
beveral  properties  have  undertaken  surveys  which  yield  the 
intermoaal  rail  transfer  rate  directly  (e.g.,  Cleveland, 
v.ashington) . Other  properties  know  the  percentage  of  rail 
person  trips  which  access  rail  via  other  transit  modes  (e.g., 
uosLon) . Still  others  know  how  many  transfers  to  other  modes 
were  given  out  on  rail  to  originating  passengers  (e.g., 
Pniiaaelphia) . Figure  4-2  shows  the  intermodal  rail  transfer 
rate  for  each  property  interviewed,  and  whether  or  not  this 
rate  naa  to  be  calculated  using  the  assumptions  inherent  in 
methoas  3-5. 

The  average  intermodal  rail  transfer  rate  on  the 
properties  in  Figure  4-2  is  approximately  47  percent,  with  a 
high  of  70  percent  ana  a low  of  16  percent.  Most  rail  transfer 
rates  are  in  the  range  of  40-50  percent,  except  for  New  York 
City  (16  percent),  which  can  be  explained  by  the  very  heavy 
rail  coverage  in  Manhattan  and  parts  of  Brooklyn  which  allows 
passengers  to  walk  to  and  from  the  subway. 

The  major  aeterminant  of  the  transfer  rate  seems  to  be  the 
pattern  of  origins  and  destinations  in  the  region  in  relation 
to  the  rail  ana  other  transit  network.  Specifically, 
consoliaation  of  bus  route  termini  at  rail  stations  tends  to, 
as  might  be  expected,  raise  the  intermodal  rail  transfer  rate. 
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Fi  gure  4-2 

INTERMOUAL  RAIL  TRANSFER  RATES 

Other 

Intemodal  Rail  Transit  Modes 


Property 

Year 

Transfer  Rate 

Available 

CoTTTient 

Atl anta 

Projec ted 

67 

Bus 

Doston 

1977 

48^ 

Bus,  Streetcar 

Chicago 

1978 

70 

Bus 

Cl  evel  and 

1976 

50 

Bus,  Light  Rail 

Transfer  rate 
for  heavy  rail 

New  Yorx  Ci  ty 

1966 

16^ 

Bus 

Philadelphia 

1979 

60^ 

Bus,  1 ight  rail 

Transfer  rate 
for  heavy  rail 

San  Francisco 

1974 

27^ 

Bus 

Transfer  rate 
for  passengers 
using  stations 
served  by  AC 
Transit 

y^ashi  ngton 

1978 

42 

Bus 

^Calculated  on  basis  of  assi/nptions;  see  text. 


SOURCE:  Operator  interviews. 
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It  is  important  to  note  that  the  assumptions  upon  which 
some  of  the  calculated  transfer  rates  were  based  --  symmetry 
ana  lacK  of  double  transfers  --  may  not  always  hold. 

Properties  witn  unbalanced  bus/rail  transfer  charges  have 
aiscoverea  that  more  rail  riders  take  bus  in  the  direction  of 
free  transfers  (rail  to  bus)  than  in  the  other  direction.  For 
instance,  in  Washington,  17  percent  more  riders  transfer  from 
rail  to  bus  than  in  the  other  direction.  Even  with  no  reduced 
tare  transfers,  there  can  be  imbalanced  transfer  rates.  A 1967 
stuay  in  hew  York  showed  that  29  percent  more  riders 
transferrea  from  bus  to  rail  than  in  the  other  direction.  ^ 

It  is  also  clear  that  some  double  transferring  exists  on 
ail  properties,  but  on  some  systems  it  can  be  quite  extensive. 

A ly76  survey  in  Cleveland  showed  that  10  percent  of  heavy  rail 
riaers  make  two  transfers  in  the  course  of  a trip,  while  3 
percent  of  heavy  rail  riders  make  more  than  two  transfers. 
Wiaespread  multiple  transferring  on  a property  will  cause  the 
calculatea  (as  opposed  to  surveyed)  intermodal  rail  transfer 
rate  to  be  higher  than  the  actual  rate. 


4.4  Transfer  Rates  at  Individual  Transfer  Points 


The  transfer  rate,  as  measured  over  an  entire  transit 
system,  is  useful  for  determining  the  overall  magnitude  of  the 
transfer  problem,  and  for  indicating  some  cause  and  effect 
relationships  in  highly  aggregated  form.  However,  most 
transfer  policy  options,  such  as  schedule  coordination. 


^EBS  Management  Consultants,  Interim  Report ; Transfer 
System  and  Fare  Structure,  prepared  for  Office  of 
Transportation  Administration,  New  York  City  and  NYC  Transit 
Authority,  New  York,  1967. 


79 


tnrough-rou ting  and  dynamic  control,  must  be  evaluated  for 
apt-lication  at  particular  transfer  points.  The  operator  thus 
neeas  to  examine  transfer  flows  in  more  detail  in  order  to 
aesign  an  appropriate  transfer  policy. 

Clearly,  much  of  the  transferring  that  goes  on  in  many 
systems  is  concentratea  at  particular  points.  The  transfer 
rates  ar  tnese  points  can  vary  greatly  from  the  average  overall 
transfer  rate  for  the  system.  In  Memphis,  for  example,  the 
overall  bus/bus  transfer  rate  was  estimated  to  be  approximately 
16  percent.  At  the  major  transfer  point,  though,  a survey 
snowea  that  over  the  entire  day,  more  than  60  percent  of  the 
people  waiting  there  were  in  the  process  of  transferring 
Detween  buses.  Furthermore,  an  on-board  survey  revealed  that 
on  one  segment  of  a route  between  downtown  and  a major  trip 
generator  (tne  Mid-South  Medical  Center),  over  85  percent  of 
riaers  transferrea  to  reach  their  destination. 

Similar  results  are  obtained  when  the  bus  access  transfer 
rates  at  aifterent  rail  stations  on  the  same  property  are 
coraparea.  In  Chicago,  the  proportion  of  rail  passengers  using 
particular  stations  wno  arrive  by  bus  varies  from  12  percent  up 
to  75  percent.  In  San  Francisco  in  1974,  the  proportion  of 
passengers  arriving  at  rail  stations  serviced  by  AC  Transit  who 
transferrea  to  buses  ranged  from  6 percent  to  60  percent.  As  a 
tinal  example,  at  a selection  of  major  rail  stations  in  Boston, 
the  proportion  of  rail  riders  accessing  the  station  by  bus  or 
streetcar  rangea  from  13  percent  up  to  65  percent. 

Bus/bus  transfers  can  usefully  be  discussed  and  classified 
by  location.  Probably  the  most  prevalent  type  of  transfer  is 
tne  cross-town  transfer  made  by  a rider  traveling  from  one 
point  outside  of  the  CBD  to  another  point  outside  the  CBD.  On 
a racial  system,  most  transfers  of  this  type  occur  in  the  CBD. 
on  larger  grid  systems,  though,  the  transfer  point  does  not 
have  to  be  aowntown. 
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A second  type  of  bus/bus  transfer  is  the  trunk  line 
transfer.  This  involves  a transfer  from  a cross-town  route  to 
a trunk  line  or  vice  versa  to  get  to  or  from  downtown.  This  is 
commonli'  found  in  larger  cities  which  have  a grid  system  of 
routes.  because  there  may  be  multiple  cross-towns  intersecting 
multiple  trunk  lines,  the  volume  of  transfers  are  often  spread 
among  many  transfer  points,  with  the  individual  choosing  the 
most  advantageous  transfer  point  for  himself. 

bistributor/f eeoer  transfers  form  the  third  major  type  of 
bus/bus  transfer.  They  are  characterized  by  one  leg  of  the 
trip  being  much  shorter  than  the  other  leg.  An  example  would 
oe  a rider  who  takes  a bus  into  the  CBD,  and  transfers  to 
another  ous  which  he  rides  for  a short  distance  within  the  CBD 
to  nis  destination.  Often  this  type  of  transfer  will  involve  a 
shuttle  or  loop  bus  downtown.  Downtown  distributor  transfers 
are  particularly  interesting  because  they  represent  a group  of 
riders  who  are  likely  to  have  the  option  of  walking  instead  of 
transterring.  hence,  these  people  may  be  highly  sensitive  to 
changes  in  transfer  level  of  service. 

For  bus/rail  transfers,  another  set  of  categories  can  be 
established.  There  are  "forced"  bus/rail  transfers,  which 
occur  when  bus  route  consolidation  (see  Chapter  6)  has  taken 
place,  and  most  buses  turn  back  at  the  rail  station.  There  are 
also  local/express  transfers,  in  which  a rider  will  transfer 
from  a bus  to  a parallel  rail  line.  Finally,  there  are 
"continuation"  transfers,  where  bus  routes  extend  radially  into 
lower  density  areas  than  rail  lines.  These  categories  are  not 
meant  to  exhaust  the  different  forms  of  bus/rail  transfers  and 
may  not  be  mutually  exclusive.  However,  they  do  indicate  some 
general  groupings. 

Transfer  flow  at  a transfer  point  is  not  only  a function 
of  location,  but  also  of  time  of  day  and  day  of  week.  This 
fact  has  a profound  influence  on  the  types  of  transfer  policy 
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components  which  may  be  applicable.  For  instance,  on  several 
properties,  the  bus/bus  transfer  rate  (as  well  as  volume)  is 
much  higher  curing  peak  hours  than  off-peak.  Since  the 
airecrion  of  transfers  may  be  more  pronounced  during  peak  hours 
(especially  for  ous/rail  transfers) , and  frequency  of  service 
IS  nigner,  the  consequences  of  different  transfer  policies  may 
be  affected.  For  example,  transfer  policy  options  such  as 
scheaule  ccorcination  involve  vehicles  on  two  routes  arriving 
in  a set  order,  and  hence  favor  one  direction  of  transferring 
over  another. 

Ihe  overall  transfer  rate  also  tends  to  vary  somewhat  by 
aay  of  week  (weekaay,  Saturday,  Sunday).  However,  available 
route-by-route  transfer  data  indicate  that  even  when  the 
overall  rate  of  transfers  does  not  change  from  weekday  to 
weekena,  the  transfer  flows  on  individual  routes  do  change. 
Pairs  of  routes  which  nave  a high  transfer  rate  during  weekdays 
may  have  a low  rate  on  weekends,  or  vice  versa.  The  exact 
pattern  aepends  on  the  location  of  major  shopping  and 
employment  centers  which  attract  trips  in  relatively  different 
proportions  by  time  of  day  and  day  of  week. 

4.5  Demand  Literature  Review 

An  important  part  of  the  description  of  transferring 
passengers  is  their  sensitivity  to  alterations  in  various 
attributes  of  the  transfer  (i.e.,  transfer  wait  time,  transfer 
walk  time) . Later  chapters  of  this  report  examine  the 
riaership  consequences  of  each  transfer  policy  component  on  the 
basis  of  operator  interviews  and  reasonable  ranges  of  demand 
elasticities.  This  section  focuses  on  the  evidence  presented 
in  the  available  demand  literature  concerning  the  demand  for 
transferring  among  transit  passengers. 
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There  is  a limitea  amount  of  demand  literature  which 
treats  transferring  explicitly  as  a separate  component  of  level 
of  service.  One  empirical  study  in  Stockholm,  Sweden, 
estimatea  a model  using  separate  equations  for  trips  which 
inducted  a transfer  and  those  which  did  not.  ^ According  to  the 
estimatea  model  (which  may  not  apply  to  U . S . properties),  one 
ous/bus  transfer  has  a burden  equivalent  to  between  49  and  54 
fainutes  of  adaitional  line-haul  time,  or  between  14  and  16 
minutes  of  adaitional  (nontransfer)  waiting  time,  or 
approximately  33  minutes  in  additional  excess  time  (walk  time 
plus  some  wait  time,  but  not  transfer  time) . The  average  walk 
ana  wait  times  for  transfers  are  not  presented. 

A more  relevant  San  Francisco  study  used  transfer  wait 
time  as  a separate  independent  variable. ^ The  aggregate  bus 
oemana  elasticity  with  respect  to  bus  transfer  time  was  -0.26, 
where  aggregate  aemana  is  calculated  from  a weighted  sample 
reflecting  the  distribution  of  bus  transfer  time  over  the 
population.  This  compares  to  an  aggregate  bus  demand 
elasticity  with  respect  to  first  wait  time  of  -0.17. 

many  other  aemand  studies  have  included  transfer  wait  time 
ana  transfer  charge  as  part  of  other  variables,  such  as 
out-of-vehicle  time  and  total  transit  cost.  According  to  one 
survey  of  aemand  elasticities,  elasticities  of  bus  demand  with 
respect  to  bus  cost  have  ranged  from  -0.1  to  -0.58.^  In  the 


Algers  _et  _al.  , "Role  of  Waiting  Time,  Comfort,  and 
Convenience  in  Modal  Choice  for  Work  Trip,"  Transportation 
Research  Record  534  (Washington,  D.C.,  1975). 

McFadden,  "The  Measurement  of  Urban  Travel  Demand," 
journal  of  Public  Economics  3 ( 1974) . 

■^Y.  Chan  and  F.  L.  Ou , "A  Tabulation  of  Demand 
Elasticities  for  Urban  Travel  Forecasting,"  Pennsylvania 
Transportation  Institute,  August  1977. 
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examples  ana  analyses  presented  in  this  study,  fare 
elasticities  will  oe  assumed  to  fall  in  this  range  with  transit 
patronage  oeing  most  sensitive  to  price  changes  at  off-peak 
times,  tor  short  journeys,  and  in  low  traffic  congestion 
areas . ^ 

elasticities  for  wait,  walk,  and  transfer  time  (combined) 
will  be  assumed  to  range  from  -0.7  as  a low'^  up  to  -1.02  as  a 
hign.^  The  prevailing  finding  reported  in  the  literature  is 
that  passenger  sensitivity  to  excess  time  is  greatest  for 
infrequent  service  and  for  shopping  trips. 

It  should  be  emphasized  that  while  these  elasticities  will 
play  a role  in  the  analysis  of  the  ridership  effects  of 
Qitferent  transfer  policy  options,  they  will  be  modified  where 
necessary  using  site-specific  data  collected  in  the  interviews. 
Aaaitional  elasticities  will  also  be  cited  from  the  literature 
ana  usea  when  appropriate. 

4.6  Transfer  Characteristics 

This  section  focuses  on  the  differences  between 
transferring  and  nontransferring  passengers.  Because  of  data 
availaoility , this  section  is  concerned  primarily  with  bus/bus 
transfers.  figure  4-3  shows  typical  ranges  of  bus/bus  transfer 

^Michael  Kemp,  "Policies  to  Increase  Transit  Ridership,” 
urban  Institute,  Washington,  D.C.,  September  1977. 

^T.  A.  Domencich,  G.  Kraft,  and  J.  P.  Valette, 

"Estimation  of  Urban  Passenger  Travel  Behavior;  An  Economic 
Demana  hoael,”  Highway  Research  Record  238  (Washington,  D.C.; 
HRB,  196b),  pp.  64-78. 

^A.  Talvitie,  "An  Econometric  Model  for  Downtown  Work 
Trips,”  Chicago  Area  Transportation  Study,  December  1971. 
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Fi  gure  4-3 

TYPICAL  BUS/BUS  TKANSFER  RATES  BY  MARKET  SEGf^ENT^ 

Typical  Range  of  Transfer  Rate 


Market  Segment 

Low 

Hi  gn 

Income: 

(>$15,000) 

12 

25 

(<$15,000) 

18 

36 

El  aerly 

( >b0  yrs) 

19 

30 

Young 
( <16  yrs) 

30 

37 

Male 

16 

29 

Female 

18 

33 

Frequent  riders 

18 

27 

Intrequent  riders 

30 

34 

^Transfer  rates  tor  these  market  segments  on  some  particular  property 
may  tall  outside  ot  the  ranges  listed  here. 


SOURCE:  Based  on  operator  interviews  and  market  surveys. 
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rates  tor  some  market  segments  derived  from  both  market  surveys 
ana  qualitative  data  collected  from  operators. 

The  first  pattern  which  emerges  is  that  low-income  riders 
are  more  likely  to  transfer  between  buses  than  higher  income 
riders.  A reasonable  rule  of  thumb  seems  to  be  that  riders 
with  household  incomes  below  $15,000  are  about  one  and  one-half 
times  as  likely  to  transfer  as  part  of  a transit  trip  as  riders 
witn  nousehold  incomes  above  that  figure. 

several  explanations  can  be  advanced  for  this 
relationsnip . Patterns  of  employment  may  lead  to  white-collar 
jobs  being  in  the  CBD,  so  that  transferring  is  not  necessary  to 
reach  them.  Along  similar  lines,  suburbs  and  outlying  areas 
may  have  express  routes  directly  into  the  CBD.  The  third  and 
most  likely  explanation  is  that  higher  income  individuals  are 
more  likely  to  have  a car  available  to  them,  and  are  thus  less 
iixely  to  accept  the  burden  of  a transit  trip  which  requires 
transferring. 

A second  group  with  above  average  rates  of  transferring  is 
youth.  This  can  be  attributed  to  their  lack  of  available 
automobiles,  the  relatively  low  value  that  they  may  place  on 
time,  and  the  low  deterrent  effect  of  the  walking  that  may  be 
associated  with  transferring.  It  should  also  be  noted  that  on 
some  properties,  students  attend  schools  which  are  not  in  their 
neighborhoods,  and  must  use  more  than  one  bus  to  get  there. 

Elderly  people,  on  the  other  hand,  tend  to  have  a lower 
transfer  rate  than  riders  overall.  The  change  of  vehicles 
associated  with  transfers  appears  to  discourage  the  elderly 
from  taxing  transit  trips  which  involve  transfers.  This 
relationship  between  age  and  transferring  is  substantiated  by  a 
bus  user  survey  in  Memphis,  which  showed  that  having  to 
transfer  was  more  likely  to  cause  the  elderly  to  rate  bus 
service  poorly  than  other  groups.  In  addition,  several 
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operators  of  rail  properties  have  suggested  that  elderly  are 
less  liKely  to  transfer  between  bus  and  rail  than  other 
groups . 

Tne  oata  collected  also  suggest  that  users  who  ride 
infrequently  are  more  likely  to  transfer  between  buses  than 
tnose  wno  ride  frequently.  The  increased  need  for  infrequent 
riaers  to  make  bus/bus  transfers  implies  either  that  low 
frequency  trips,  such  as  shopping  and  social-recreational,  are 
more  likely  to  involve  transfers,  or  that  the  onerous  nature  of 
transfers  oiscourages  riding  for  nonwork  trip  purposes.  To  the 
oegree  that  the  second  hypothesis  holds,  easing  transferring 
will  tend  to  increase  ridership. 

4.7  Discussion 

In  the  words  of  one  experienced  transit  professional: 

"The  worse  the  transfer  system,  the  more  people  have  to 
transfer;  the  better  the  transfer  policy,  the  more  people  want 
to  transfer."  This  dichotomy  illustrates  the  simultaneity  of 
the  supply-  and  demand-siae  behavior  so  common  but  so 
unrecognized  in  transit  and  transportation  planning.  On  one 
nana,  the  relationship  between  the  patterns  of  origins  and 
destinations  and  the  route  structure  determines  who  will  have 
to  transfer  when  transit  is  used.  On  the  other  hand,  the 
operator  has  options  available  which  can  influence  the 
attractiveness  of  transferring,  which  in  turn  affects  the 
amount  of  transferring  which  actually  occurs. 

The  aggregate  system-wide  picture  presented  in  this 
chapter  serves  to  illustrate  the  above  dichotomy.  The  size  of 
a property,  measured  in  population  of  service  area,  can  serve 
as  a proxy  for  much  more  complex  relationships  between  route 
structure  and  origin-destination  flows  in  determining  bus/bus 
transfer  rates.  This  surrogate  relationship  says  that  the 
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number  ot  people  who  have  to  transfer  because  of  a more 
uispersea  set  of  origins  and  destinations  and  a route  structure 
wnicn  has  more  transfer  points  tends  to  increase  with  the  size 
of  the  property.  On  the  other  hand,  the  attractiveness  of 
transfers  may  be  increasea  by  increasing  schedule  coordination 
or  implementing  extensive  timed  transfers,  reducing  transfer 
charges,  and,  in  the  extreme,  eliminating  transfers  altogether 
by  through-routing  vehicles. 

The  same  dichotomy  exists  on  a more  detailed  level.  For 
example,  low-income  riders  transfer  more  often  than  high-income 
riaers  because  they  have  to,  not  because  low-income  riders  find 
transfers  more  attractive.  Elderly  riders,  though,  transfer 
less  than  other  riders  because  they  find  transfers  less 
attractive . 

Clearly  it  is  easier  to  generalize  about  demand-side 
oehavior,  the  subject  of  this  chapter,  than  about  the 
mul tiuimensional  effects  of  different  transfer  policies  when 
usea  on  aifferent  properties,  and  in  different  settings.  This 
chapter  has  provided  a composite  picture  of  transferring  which 
suggests  transfer  patterns  to  look  for  on  a property.  However, 
There  is  no  substitute  for  a detailed  analysis  of  how  many 
people  are  transferring,  who  they  are,  and  where  and  why  they 
are  traveling. 

Each  of  the  next  eleven  chapters  each  describe  the  current 
practices  and  consequences  associated  with  the  individual 
transfer  policy  options  outlined  in  Chapter  2.  Each  chapter 
contains  five  sections.  The  first  section  is  a summary 
description  of  the  transfer  policy  component  and  its 
application.  The  second  section  is  an  in-depth  review  of 
current  practices  connected  with  that  component  as  applied  to 
bus/bus  transfer  policies.  The  third  section  is  a similar 
review  of  current  practices  connected  with  that  component  as 
applied  to  bus/rail  and  rail/rail  transfer  policies.  The 
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ion  analyzes  the  cost,  user  satisfaction,  ridership 
consequences  which  follow  from  the  use  of  that 
on.  Differences  between  the  consequences  of  using 
for  bus  versus  rail  transfer  policies  are  detailed 
ate.  Finally,  the  fifth  section  provides  a 
f finaings,  highlighting  relationships  between 
s of  the  option  and  various  site-specific 
tics  of  the  property  on  which  it  is  implemented. 
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Chapter  5 

DISTANCE  BETVvEEN  ROUTES  AT  TRANSFER  POINTS 
5.1  Introduction 

Tne  tirst  transfer  policy  component  to  be  considered  is 
tne  routing  option  affecting  the  distance  between  routes  at 
transfer  points.  One  of  the  basic  considerations  of 
transferring  is  the  walk  required  between  vehicles.  At  a 
minimum,  there  may  be  only  a few  feet  between  connecting  buses. 
At  the  other  end  of  the  spectrum,  passengers  may  have  to  walk 
many  blocks  horizontally  and  spme  distance  vertically  in  order 
to  transfer.  Walking  distance  is  an  important  element  in  the 
determination  of  user  satisfaction. 

The  first  transfer  policy  component  therefore  involves  the 
physical  placement  of  route  termination  points  or  other  stops 
at  which  transfers  are  possible.  It  should  be  noted,  however, 
that  the  operator's  ability  to  make  changes  in  the  spatial 
separation  of  routes  may  be  constrained  by  physical  and 
regulatory  options  beyond  his  control.  Also,  placement  of  rail 
routes  tends  to  be  difficult  and  expensive  to  alter  in  the 
snort  or  medium  run,  and  rerouting  buses  to  change  the  spatial 
separation  of  routes  at  a transfer  point  will  often  affect  the 
level  of  service  provided  to  nontransferring  riders  as  well. 
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Section  5.2  explores  current  practice  on  U.S.  transit 
properties  concerning  the  separation  of  bus  routes  at  transfer 
points.  This  section  considers  in  detail  the  major  strategies 
available  tor  properties  in  dealing  with  bus/bus  transfer 
Gistance.  These  include  the  passive  "do-nothing"  approach, 
on-street  terminal  areas,  off-street  terminal  areas,  bus 
transit  malls  or  streets,  grouping  of  routes  into  subfoci,  and 
grid  route  structures.  The  reasons  why  operators  may  choose  to 
reauce  or  not  reduce  transfer  distance  are  outlined.  Section 
5.3  covers  the  same  topics  as  5.2  for  bus/rail  and  rail/rail 
transfer  distance. 

Section  5.4  describes  the  consequences  of  reducing  spatial 
separation  tor  bus/bus  transfers,  with  a separate  subsection  on 
how  the  consequences  differ  for  bus/rail  and  rail/rail 
transters.  Lviaence  is  presented  comparing  the  magnitude  of 
the  effects  of  spatial  separation  and  transfer  wait  time. 

A sample  analysis  of  the  costs  and  revenue  benefits  of  reducing 
spatial  separation  is  presented. 

Section  5.5  synthesizes  the  results  of  the  previous 
sections  to  suggest  where  different  strategies  for  reducing 
spatial  separation  are  applicable,  and  outline  the  tradeoffs 
among  their  consequences.  In  addition,  the  interaction  between 
spatial  separation  and  other  transfer  components  is  discussed. 

5.2  Current  Practice  --  Bus 
Amount  of  Separation 

Approximately  one  third  of  the  properties  where  interviews 
were  conducted  use  separations  of  500  feet  or  more  between 
routes  where  direct  transfers  were  expected  to  occur.  This 
distance  is  measured  at  the  closest  approach  of  the  two  routes. 
Several  properties  were  found  to  have  a spatial  separation  of 
aoout  1,U00  feet.  Assuming  an  average  city  walking  speed  of 
three  miles  per  hour,  this  means  just  under  a four-minute  walk. 
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On  at  least  one  property  (Providence),  there  were  a sizable 
numoer  ot  riaers  who  had  to  walk  1,500  feet  to  transfer,  which 
would  equivalently  take  about  six  minutes.^  Given  that  certain 
user  groups,  such  as  the  elderly,  walk  slower  than  average,  and 
many  factors,  such  as  traffic  signals,  may  cause  additional 
delays,  potential  transfer  walk  times  of  ten  minutes  or  more 
can  be  expected. 

Lengthy  transfer  distances  are  found  primarily  on  larger 
properties.  This  is  reasonable  since  the  properties  have  more 
routes  between  which  riders  can  transfer  and  more  problems 
finding  an  appropriate  spot  for  routes  to  meet.  Small 
properties  with  extensive  timed  transfers,  where  buses  on  all 
routes  arrive  simultaneously,  encounter  similar  space 
problems . 


Reasons  for  spatial  Separation 

Transit  operators  have  several  reasons  for  requiring  long 
transfer  distances.  Foremost  among  these  is  the  difficulty  of 
finding  a place  where  all  or  most  routes  can  meet.  Large 
numoers  of  buses,  even  if  they  do  not  all  arrive  at  once,  need 
a considerable  amount  of  space  to  stop  and  lay  over.  Ten 
4U-foot  buses,  all  stopped  at  the  same  time,  require  over  400 
linear  feet  of  curb  space.  The  property  cited  above  as  having 
a l,50u  feet  transfer  distance  (Providence)  regularly  has  about 
23  buses  stopped  at  or  near  terminal  locations  during  the 
evening  peak  hour.  Clearly,  there  are  constraints  on  how  these 
parked  Duses  may  be  arranged  within  the  CBD. 

An  additional  problem  in  route  clustering  is  the  possible 
traffic  congestion  produced  if  many  bus  routes  go  to  the  same 
terminus.  If  the  transfer  point  is  at  a major  activity  center, 


^ Alan 
Restricted 


M.  Voorhees  and  Associates,  Providence  Auto 
Zone  Technical  Appendices,  UMTA,  June  1977. 
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tne  existing  congestion  may  produce  schedule  adherence  problems 
for  buses,  ana  lead  operators  to  turn  back  routes  away  from  the 
center.  Conversely,  the  buses  themselves  may  contribute 
furtner  zo  existing  traffic  congestion  problems  if  they  travel 
into  the  CbD. 

The  layout  of  both  routes  and  streets  in  the  area 
surrounding  the  transfer  point  may  also  contribute  to  transfer 
distance.  For  example,  if  routes  are  arranged  in  a radial 
pattern,  tnen  all  bus  routes  naturally  proceed  to  the  same 
point.  However,  if  routes  and  streets  are  in  a grid,  parallel 
routes  will  usually  not  meet  without  circuitous  detours. 

Tne  grid  example  is  a special  case  of  a large  class  of 
properties  where  the  street  layout  makes  some  lengthy  transfer 
distances  difficult  to  avoid.  In  cities  with  irregular  street 
patterns,  buses  may  have  "natural”  routes  which  do  not  lend 
themselves  easily  to  meeting  all  other  routes.  The  need  to 
serve  tne  usually  more  numerous  nontransferring  ridership  may 
constrain  attempts  to  reduce  transfer  distance.  Available 
space,  congestion,  and  street  layout,  therefore,  are  the 
principal  determinants  of  transfer  distance  for  many 
properties . 

A fourtn  reason  for  not  minimizing  transfer  distance,  which 
may  be  less  prevalent  than  the  others,  is  having  too  many 
riders  (rather  than  buses)  at  any  one  place.  At  a major  bus 
stop/transfer  point,  riders  waiting  for  buses  may  hinder 
pedestrian  movements,  and  have  detrimental  effects  on 
particular  retail  establishments.  If  bus  stops  are  moved  in 
sucn  a way  as  to  alleviate  this  problem,  the  spatial  separation 
of  some  routes  may  be  increased. 

Alternatives  for  Reducing  Spatial  Separation 

Given  the  factors  listed  above,  several  different 
strategies  are  available  to  deal  wth  the  problem  of  spatial 
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separation.  These  are  listed  in  Figure  5-1,  together  with  a 
sample  of  cities  which  employ  each  strategy.  Of  course,  there 
is  always  the  "do-nothing"  alternative,  which  consists  of 
letting  bus  routes  be  determined  by  operational  and 
nontransferring  aemand  considerations.  This  may  or  may  not 
leaa  to  long  transfer  distances. 

The  first  "active"  strategy  in  Figure  5-1  is  to  try  to 
place  tne  termination  points  of  all  routes  in  a one-  or 
two-block  area.  For  a small  property,  with  only  a few  radial 
routes,  this  is  usually  easy  to  accomplish.  Even  on  a large 
property,  it  may  be  possible  to  implement  this  strategy. 
Cleveland,  for  example,  is  a large  city  where  the  great 
majority  of  routes  coming  into  the  CBD  terminate  in  a two-block 
area. 

Another  possibility  open  to  operators  is  an  off-street 
terminal  facility.  This  avoids  several  of  the  difficulties 
associated  with  having  a large  number  of  buses  on  the  street  in 
the  same  area.  However,  an  off-street  facility  does  not  solve 
the  problem  of  a route  structure  which  does  not  allow  for 
bringing  routes  together.  It  also  can  entail  a major  capital 
expenditure.  The  off-street  facility  can  have  both  buses  and 
people  completely  inside  a building,  have  the  buses  outside  and 
people  inside,  or  be  completely  outside.  Brockton, 
Massachusetts  recently  built  an  outdoor  facility  with  berths 
tor  over  15  buses. 

In  cases  where  a separate  off-street  facility  is  not 
feasible  or  cost-effective,  and  the  number  of  buses  is  too 
large  to  bring  them  all  together  at  the  sa'me  place,  a bus 
transit  mall  may  be  appropriate.  A bus  transit  mall  is  a 
street  designated  for  buses,  which  all  or  most  routes  coming 
into  the  CBD  utilize.  For  the  purpose  of  this  study,  the 
important  feature  of  a bus  transit  mall  is  that  transfer 
distance  is  near  zero,  since  most  routes  move  past  the  same 
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SPATIAL  SEPARATION  STRATEGIES  AND  SAMPLE  CITIES 
FOR  BUS/BUS  TRANSFERS 


Strateqy 

Cities 

Central  On-Street  Transfer 
Poi nt  or  Area 

C 1 eve  land 
Lafayette 
Westport 
A 1 bany 

Off-Street  Transfer  Facility 

Brockton 

T rans i t Ma 1 1 

Port  1 and , 
Denver  (pi 
Memph i s 

OR 

1 anned ) 

Sub-foe i 

Buffalo 

Fresno 

Grid 

1 nd i anapo 
Ba  1 1 imore 

1 i s 

Source:  Operator  interviews. 


points.  Portlana,  Oregon  has  such  a bus  transit  mall.  ^ It  is 
also  possible  to  obtain  the  same  effect  by  routing  all  buses 
down  tne  same  street  without  formally  setting  up  a transit 
mall.  Columbus,  Ohio  is  a large  city  where  almost  all  buses 
coming  into  the  C5D  travel  for  some  distance  on  a single  main 
street . 

The  alternatives  presented  above  collect  all  routes  into  a 
single  area  to  minimize  transfer  distance.  However,  it  is 
clearly  possible  to  set  up  a network  of  routes  where  buses 
terminate  at  different  points,  yet  each  route  crosses  most  or 
all  of  the  others  at  some  point,  thereby  facilitating 
transfers.  One  way  of  doing  this  is  to  establish  several 
subfoci,  such  that  each  route  in  the  CBD  terminates  at  some 
suPfocus,  and  each  subfocus  has  only  a few  terminating  routes. 
One  relatively  common  way  of  accomplishing  this  is  to  collect 
into  each  subtocus  routes  which  service  the  same  geographical 
region  --e.g.,  west  side  routes  with  west  side  routes,  etc.  By 
placing  each  subfocus  on  the  side  of  the  CBD  opposite  the  point 
where  its  routes  enter,  the  intersection  or  parallel  operation 
of  most  or  all  routes  can  be  ensured. 

The  extreme  case  of  spreading  transfer  points  over  a wide 
area  is  a grid  network.  As  explained  before,  a grid  network  of 
routes  guarantees  that  routes  which  are  perpendicular  to  each 
other  will  cross  and  meet,  with  a very  short  transfer  distance. 
Routes  which  are  parallel  do  not  necessarily  cross,  which  may 
tend  to  increase  potential  transfer  distance.  It  should  be 
noted  that  the  actual  transferring  which  occurs  between 
parallel  routes  depends  heavily  on  their  eventual  divergence, 
since,  all  things  being  equal,  nothing  is  gained  by 
transferring  between  perfectly  parallel  routes. 


^Crain  and  Associates,  Streets  for  Pedestrians  and 
Transit;  A Site  Report  on  Transit  Malls  in  the  United  States , 
prepared  for  DOT/Transportation  Systems  Center,  Cambridge, 
Mass.,  August  1^77. 
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A tactor  wnicn  is  present  with  any  degree  of  spatial  separation 
are  the  "pedestrian  obstacles"  encounterea  between  vehicles, 
i'eaestrian  obstacles  include  such  experiences  as  crossing  busy 
streets,  negotiating  parking  lots,  encountering  "riff-raff," 
ecc.  Any  of  these  can  increase  the  psychological  distance  of  a 
given  transfer,  as  well  as  actual  transfer  time.  Indeed, 
peoestrian  obstacles  may  be  the  most  onerous  feature  of  long 
transfer  distances.  These  obstacles  must  be  taken  into  account 
wnenever  the  merits  of  alternative  strategies  for  dealing  with 
spatial  separation  are  assessed. 

5.3  Current  Practice  — Rail 


Amount  of  Separation 

In  contrast  to  bus/bus  transfers,  bus/rail  and  rail/rail 
transfers  often  involve  vertical  as  well  as  horizontal 
separation  between  routes.  Furthermore,  the  path  between 
vehicles  is  not  necessarily  direct,  as  it  usually  is  for 
bus/Dus  transfers.  Buses  may  line  up  in  a long  row  to 
discharge  their  passengers  at  substantially  varying  distances 
from  the  rail  entrances,  turnstiles  or  rail  platforms.  Rail 
drain  lengths  can  be  quite  long  (e.g.,  up  to  600  feet  in  New 
iork  City) , affecting  the  distance  that  alighting  passengers 
must  walK  to  stairs,  escalators,  station  exits  and  bus  loading 
Days.  hence  bus/rail  and  rail/rail  transfer  distances  are 
typically  lengthier  than  the  distances  for  bus/bus  transfers. 

Although  there  is  no  straightforward  method  of  converting 
spatial  separation  to  time  spent  walking  (given  the  mix  of 
Horizontal  and  vertical  distance,  availability  of  elevators  and 
escalators,  and  differences  in  walking  speed),  it  is  possible 
to  cite  examples  of  the  ranges  of  walking  times  which  can  be 
expected.  Across-the-platf orm  transfers  between  trains  (found 
on  several  rapid  rail  systems)  typically  involve  a very  short 
walking  time.  Across-the-platf orm  transfers  between  commuter 
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trains  ana  buses  (as  found  in  Detroit  and  Viestport)  can  take  up 
to  five  minutes  for  some  passengers,  due  to  the  length  of  the 
commuter  train.  In  Cleveland,  subway  riders  alighting  at 
Public  Square  are  given  approximately  four  minutes  to  reach  the 
surface  and  board  waiting  buses. 

In  cases  where  passengers  must  walk  from  one  end  of  a 
lengthy  station  to  the  other,  climb  several  flights  of  steps, 
and  then  walk  another  lengthy  distance  to  a bus,  transfer  times 
of  10  minutes  or  more  for  elderly  passengers  are  not 
unreasonable  to  expect. 

Reasons  tor  Spatial  Separation 

There  are  several  important  reasons  why,  in  the  absence  of 
mitigating  strategies,  the  distance  associated  with  rail/rail 
ana  bus/rail  transfers  typically  exceeds  that  associated  with 
bus/Dus  transfers.  The  first  of  these  is  the  presence  of  grade 
separations  between  rail  platforms  and  surface  streets  or  other 
rail  platforms.  Many  rapid  rail  systems  have  across-platf orm 
transfers  between  rail  vehicles  at  some  transfer  points, 
however,  vertical  distance  between  connecting  vehicles  at 
Dus/rail  or  rail/rail  transfer  points  is  the  norm. 

Ihe  second  major  reason  for  long  rail  transfer  distances 
are  construction  constraints  imposed  by  station  structures. 
These  increase  the  horizontal  distance  between  connecting 
vehicles,  since  buses  are  typically  outside  of  the  station 
structure.  Moreover,  in  underground  and  elevated  stations, 
riders  may  have  only  a few  points  from  which  to  exit  the  rail 
platform,  increasing  the  horizontal  distahce. 

The  third  important  reason  for  long  rail  transfer 
distances  is  the  low  priority  assigned  to  bringing  buses  closer 
or  into  the  station.  Rail  stations  are  often  located  in  areas 
of  maximum  activity  density,  and  may  contribute  to  relatively 
intensive  ad3acent  land  use,  making  it  even  more  difficult  to 
accofiimoaate  buses  nearby.  One  example  of  this  is  at  the 


98 


flusning  train  station  in  wew  York  City,  which  is  one  of  the 
busiest  bus  route  termini  in  the  city.  The  opportunity  existed 
tnere  to  create  an  off-street  bus  facility  which  would  have 
lessened  the  norizontal  separation  for  many  bus/rail 
transferees.  However,  there  were  higher  priority  uses  for  that 
lana,  ana  the  terminal  area  was  not  built.  In  general,  it  may 
be  very  expensive  to  acquire  off-street  land,  or  the  land  may 
simply  not  be  available  for  the  purpose  of  reducing  rail 
transfer  distances. 

A fourth  reason  for  spatial  separation  of  routes  is, 
interestingly  enough,  to  encourage  shopping.  when  the  69th 
Street  terminal  was  built  in  Philadelphia,  it  was  shared  by  two 
separate  transit  companies.  In  order  to  help  pay  for  the 
terminal,  shops  were  built  and  rented  inside  the  terminal 
building  where  passengers  transferring  between  the  two 
companies  would  have  to  walk  past  them.  The  same  reasoning  can 
oe  founa  at  other  transfer  locations. 

Finally,  a key  reason  for  the  lack  of  provisions  taken  to 
facilitate  bus/rail  and  rail/rail  transfers  is  purely 
nistorical.  Rail  facilities  are  relatively  fixed  in  space 
comparea  to  bus  routes.  Therefore,  if  facilities  to  reduce 
spatial  separation  of  routes  are  not  included  in  the  original 
construction  of  the  station,  they  may  be  totally  impractical  to 
aaa  afterwards. 

Alternatives  for  Reducing  Spatial  Separation 

As  in  the  case  of  bus/bus  transfers,  there  are  several 
Qifferent  strategies  available  to  the  operator  for  dealing  with 
the  spatial  separation  associated  with  bus/rail  or  rail/rail 
transfers.  These  are  listed  in  Figure  5-2,  together  with  a 
sample  of  cities  which  employ  them.  This  list  does  not  include 
those  strategies  which  would  ihvolve  changes  in  the  rail 
right-of-way  itself.  That  is,  both  the  vertical  grade 
separation  ana  the  horizontal  alignment  of  the  rail  line(s)  are 
taken  as  given. 


99 


Figure  5-2 


SPATIAL  SEPARATION  STRATEGIES  AND  SAMPLE  CITIES 
FOR  BUS/RAIL  AND  RAIL/RAIL  TRANSFERS 


Vertical  Separation 

Reduction  of  Perceived  Vertical  Distance 
(e.q..  Elevators  and  Escalators) 


Washington,  D.C. 
Atlanta 

San  Francisco  (BART) 


Reduction  of  Actual  Vertical  Distance 
(e.q..  Bus  TunnelTT 


Boston  (Harvard  Square) 


Horizontal  Separation 

Off-Street  or  On-Street  Bus  Terminal  Facilities 


Cleveland  (Public  Square) 


Vertical  (over/ under)  Alignment  of  Bus  and  Rail  Routes 


New  York  City  (Stillwell  Avenue) 
Toronto 

Washington,  D.C. 


Bus  Ramps  into  Station 


Boston  (Ashmont) 
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unce  again,  of  course,  the  do-nothing  alternative  of 
builaing  the  rail  facilities  and  then  letting  the  buses  stop  at 
cne  nearest  convenient  location  has  always  oeen  available. 

Tnis  occurs  at  the  great  majority  of  existing  rail  stations, 
with  certain  exceptions  (e.g.,  commuter  rail  in  low-density 
areas),  this  typically  leads  to  significant  transfer 
aistances . 

However,  depending  upon  the  interpretation  of  Section  504 
ot  the  Rehabilitation  Act  of  1973,  the  do-nothing  strategy  may 
no  longer  be  possible.  It  may  become  necessary  to  provide 
convenient  access  (via  elevator,  etc.)  to  existing 
grade-separated  structures,  as  well  as  to  new  ones.  This  is  an 
example  of  the  first  active  strategy  presented  in  Figure  5-2, 
namely  reducing  the  perceived  vertical  separation  between 
routes.  This  strategy  is  obviously  easier  to  implement  in  the 
building  of  new  stations  than  in  the  reconstruction  of  old 
ones . 

The  second  active  strategy  is  to  actually  reduce  vertical 
distance  by  bringing  the  buses  up  or  down  to  the  level  of  the 
rail  platform.  This  involves  building  bus  access  into  the 
station  itself.  Harvard  Square  in  Boston  is  one  example  where 
a bus  tunnel  takes  most  of  the  buses  terminating  at  the  station 
down  to  the  approximate  level  of  the  underground  rail 
platform. 

Both  strategies  described  above  attempt  to  reduce  vertical 
transfer  distance.  Strategies  for  reducing  horizontal  transfer 
distance  are  also  available.  These  include  the  strategies 
described  in  Section  5.2  for  bringing  buses  closer  together 
(e.g.,  off-street  terminal  facilities,  central  on-street 
transfer  point) . Other  possible  strategies  include  bringing 
buses  directly  over  or  under  the  rail  platform  through  use  of  a 
separate  off-street  area  (as  is  done  in  Toronto  and  at  the 
Stillwell  Avenue  Station  in  New  York  City,  among  others)  , and 
having  bus  ramps  go  into  the  station  itself. 
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5.4  Consequences 


Tnis  section  outlines  the  consequences  of  operator  actions 
taken  to  reouce  the  Distance  between  routes  at  transfer  points. 
This  analysis  focuses  primarily  on  the  consequences  (operator 
cost,  user  satisfaction,  ridership  and  revenue)  of  reducing 
route  separation  for  bus/bus  transfers.  It  will  be  assumed  for 
this  analysis  that  it  is  physically  possible  to  decrease  the 
transfer  Distance,  and  that  buses  can  in  fact  be  brought  closer 
together.  A separate  subsection  outlines  how  consequences  of 
tnis  transfer  component  vary  when  applied  to  bus/rail  and 
rail/rail  transfers. 

Bus  Transfers 


Operator  Costs 

The  first  type  of  consequence  involves  operator  costs.  If 
two  bus  routes  are  initially  some  distance  apart,  and  then  are 
iTioveD  closer  together,  the  most  obvious  cost  effect  occurs 
through  changes  in  vehicle  miles  traveled  (VMT)  and  bus  hours. 
The  change  in  VMT  is  not  necessarily  commensurate  with  the 
cnange  in  transfer  Distance.  It  is  possible  that  alterations 
in  routing  (e.g.,  different  turn-around  procedures)  can  make 
the  change  in  VMT  very  low  for  a given  change  in  transfer 
Distance.  Alternatively,  one-way  streets  and  other  obstacles 
may  cause  VMT  to  increase  much  more  than  would  be  expected  from 
the  transfer  distance  decrease. 

Given  these  variations  which  occur  in  practice,  it  is 
still  useful  to  examine  the  cost  consequences  of  a hypothetical 
situation  where  the  change  in  VMT  is  only  influenced  by  the 
change  in  transfer  distance  itself.  Consider  two  bus  routes, 
with  termination  points  1,000  feet  apart.  If  the  routes  are 
changed  so  that  they  coterminate,  without  altering  turn-around 
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mileage,  layover  time,  or  the  existing  route  length,  then  the 
aaaea  Vhl  amounts  to  2,000  feet  per  trip.  If  it  is  assumed 
that  buses  travel  in  the  CBD  at  10  m.p.h.  (exclusive  of 
layovers) , then  each  round  trip  adds  just  over  two  minutes  of 
bus  run  time.  If  there  are  30  trips  per  day  on  a route 
(equivalent  to  half-hour  headways  from  6 a.m.  to  9 p.m#),  then 
1.2  adaitional  bus-hours  per  day  are  required,  or  approximately 
3bu  bus-nours  per  year.  At  an  approximate  cost  of  $20  per 
bus-nour,  the  annual  operating  cost  of  reducing  the  separation 
of  two  routes  in  this  situation  is  approximately  $7,200. 

It  shoula  be  stressed  that  this  $7,200  figure  may  be 
strongly  influenced  by  site-specific  factors  on  any  particular 
property.  First,  as  mentioned  above,  routing  alterations  may 
leaa  to  VMT  changes  which  are  greater  or  less  than  calculated. 
Second,  different  numbers  of  trips,  running  speeds,  and  costs 
may  be  appropriate.  Third,  the  calculation  assumed  that  all 
other  factors  remained  equal.  If  the  operator  allows  headways 
to  increase  by  somewhat  over  two  minutes,  his  only  increase  in 
cost  IS  in  purely  mileage-related  costs  (no  increase  in 
bus-hours).  It  these  are  estimated  at  $.50  per  bus-mile  (a 
nign  figure),  then  the  additional  cost  in  the  hypothetical 
example  above  would  be  reduced  to  approximately  $1,800  per 
year. 


In  terras  of  now  operating  costs  vary  over  the  different 
strategies  outlined  in  Section  5.2,  the  subfocus  approach  is 
probably  the  most  expensive  if  transfer  distance  is  to  be 
minimized.  If  routes  terminate  on  the  opposite  side  of  the  CBD 
from  which  they  come  in,  there  is  an  overlap  in  the  center 
where  ail  buses  go.  This  overlap  is  more  expensive  than  having 
all  buses  terminate  in  the  center,  but  it  may  also  have 
significant  nontransfer  effects  associated  with  the  increase  in 
service  frequency  downtown  (see  Chapter  6). 
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Capital  costs  may  also  be  involved  if  the  different 
strategies  affect  bus  fleet  size  or  equipment  needed  for 
aispatching . Capital  costs  are , of  course,  a direct 
consequence  of  those  strategies  which  involve  construction  of 
an  off-street  facility  or  a transit  mall.  As  outlined  earlier, 
facilities  tor  bus/bus  transfers  and  related  capital  costs  are 
not  within  the  scope  of  this  study.  However,  for  illustration 
purposes,  tne  off-street  outdoor  transfer  facility  in  Brockton, 
Massachusetts,  tor  15-20  buses,  cost  approximately  $600,000 
dollars  ( 1978 ) . 

user  Satisfaction 

User  satisfaction  is  the  second  major  consequence  to  be 
considerea.  It  is  clear  that  transfer  walk  distance,  if  for  no 
otner  reason  than  increased  out-of-vehicle- travel-time  (OVTT), 
nas  a negative  effect  on  user  satisfaction.  However,  there  are 
factors  which  make  transfer  Distance  more  onerous  than  pure 
OVTT.  First,  of  course,  is  the  physical  effort  required  to 
walx  some  Distance.  This  affects  some  groups,  such  as  the 
elderly  or  snoppers  with  packages,  more  than  others. 

Peaestrian  obstacles  encountered  on  the  walk  also  have  a 
negative  effect  on  user  satisfaction. 

The  higher  buraen  of  walk  time  relative  to  wait  time  is 
aocumented  in  a logit  work  modal  choice  model  estimated  by 
Domencich  and  McFadden. ^ In  that  model,  the  estimated 
coefficient  for  transit  walk  time  is  three  to  four  times  that 
of  transit  wait  time  or  in-vehicle  time.  For  shopping  trips 
the  corresponaing  ratio  was  six  to  one.  This  lends  support  to 
the  notion  that  spatial  separation  of  routes  at  a transfer 
point  may  have  a greater  effect  on  user  satisfaction  than  the 
transfer  wait  alone. 


^T.  Domencich  and  D.  McFadden,  Urban  Travel  Behavior 
(Amsteraam:  Morth-Holland  Publishing  Company,  1973) . 
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Another  factor  in  user  satisfaction  is  comprehensibility 
of  tne  transfer  system.  Transfers  between  two  buses  which  stop 
aajacent  to  each  other  are  easier  to  understand  than  transfers 
wnicn  involve  a walk  of  several  blocks.  This  applies 
particularly  to  the  infrequent  user,  who  may  either  not  know  of 
tne  transfer  possibility,  or  have  to  walk  through  unfamiliar 
streets  to  maKe  a transfer. 

A lengthy  transfer  distance  may  also  decrease  user 
satisfaction  by  not  allowing  people  to  see  when  their 
connecting  bus  has  arrived,  thus  contributing  to  missing  it. 
Riders  may  feel  better  if  they  can  see  their  connecting  bus 
when  they  get  off  their  first  bus.  On  the  other  hand,  if  a 
riaer  can  see  his  or  her  connecting  bus,  but  cannot  make  it 
because  of  the  distance,  this  may  lead  to  excessive 
frustration,  and  decreased  user  satisfaction.  Presumably,  this 
woula  oe  minimized  if  connecting  buses  were  held  in  such 
instances  (see  Chapter  8). 

It  IS  certainly  difficult  to  measure  precisely  the  degree 
of  change  in  user  satisfaction  attributable  to  changes  in 
spatial  separation.  However,  users  do  reveal  preferences  in 
their  behavior  which  provide  some  means  to  compare  changes  in 
user  satisfaction  caused  by  this  and  other  factors.  The  first 
or  these  is  found  on  those  properties  where  some  routes  run 
parallel,  one  or  two  blocks  apart,  for  some  distance  before 
actually  coming  together.  Passengers  transferring  between  the 
two  routes  can  save  in-vehicle  time  and  keep  their  average 
transfer  wait  time  approximately  the  same  by  getting  off  before 
the  buses  come  together  and  walking  the  intervening  blocks. 
Depenaing  on  the  respective  schedules  and  service  reliability 
of  the  two  routes,  the  transferring  passengers  may  also  be  able 
to  increase  their  chances  of  connecting  with  the  other  bus  in 
this  way. 
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of  these 


In  practice  relatively  few  people  take  advantage 
"walking"  transfers.  For  the  most  part,  transferring 
passengers  do  ride  all  the  way  to  the  intersection  point.  Two 
reasons  may  contribute  to  this  behavior.  First,  walking  itself 
may  be  quite  onerous.  Second,  and  perhaps  very  important, 
transferring  between  adjacent  routes  is  less  uncertain  than 
walKing  the  one  or  two  blocks  between  separated  routes. 

Another  inaication  of  the  decrease  in  user  satisfaction 
associated  with  transfer  distance  is  the  use  of  intermediate 
Duses.  Taking  an  intermediate  bus  has  several  disadvantages. 

It  leaas  to  a trip  which  has  two  transfers  instead  of  one, 
innerently  higher  total  average  transfer  wait  time  and  total 
variance  of  transfer  time,  and  possibly  higher  cost  (depending 
on  fare  structure) . Its  principal  advantage  is  that  an 
intermeaiate  bus  cuts  down  on  total  transfer  walk  distance, 
Availaole  information  indicates  that  a spatial  separation  of 
three  or  four  blocks  is  sufficient  to  induce  many  people  to 
take  an  intermeaiate  bus,  even  in  the  face  of  the  above 
disadvantages.  This  indicates,  as  suggested  before,  that  walk 
distance  is  perceived  to  be  relatively  onerous  in  comparison 
with  other  aspects  of  level-of-service . The  physical  effort 
involved  and  the  decreased  comprehensibility  of  the  transfer 
system  appear  to  be  the  principal  reasons  for  the  user 
dissatisfaction  associated  with  a significant  transfer 
distance.  The  most  affected  groups  seem  to  be  the  elderly. 
Shoppers,  ana  infrequent  riders. 

Riaership 

These  effects  on  user  satisfaction  have  direct 
consequences  for  ridership.  It  is  not  known  exactly  how  much  a 
lengthy  transfer  distance  tends  to  discourage  ridership. 
Certainly  there  are  a sizable  number  of  people  who  currently 
walk  four  or  more  blocks  to  transfer  without  great  complaint, 
however,  it  is  reasonable  to  infer  from  the  user 


106 


aissatisf action  associated  with  spatial  separation  that 
reaucing  the  transfer  distance  will  increase  ridership  and 
transferring,  with  the  largest  increase  coming  among  the 
elderly,  shoppers,  and  infrequent  riders.  Any  accurate 
estimation  of  these  increases  would  require  an 
origin-destination  survey,  or  some  other  site-specific 
indication  of  desired  travel  patterns. 

however,  for  the  change  in  route  separation  for  which  cost 
consequences  were  estimated  above,  it  is  possible  to  make 
oroer-of-magni tude  estimates  of  ridership  changes  based  on 
elasticities.  Under  several  reasonable  assumptions,  the  demand 
elasticity  for  work  trips  with  respect  to  total  transit  walk 
time  for  people  who  have  to  walk  1,U00  feet  to  transfer  at  a 
particular  transfer  point  can  be  estimated  to  be  approximately 
one  (actually  1.06).^ 

If  the  transfer  walk  amounted  to  four  minutes,  and  total 
transit  walk  time  amounted  to  nine  minutes,  eliminating  the 
transfer  walk  would  represent  a 45  percent  decrease  in  total 
walk  time,  ano  therefore  produce  about  a 50  percent  increase  in 
the  number  of  transferring  work-trip  passengers  at  that 
transfer  point.  For  shopping  trips  the  percentage  increase 
would  be  even  greater,  since  the  coefficient  on  walk  time  is 
twice  as  large.  These  would  all  be  additional  transit 
t/assengers  who  previously  used  auto.  There  may  also  be  people 
wno  used  one  bus  and  then  walked  to  their  destination  prior  to 

^Tne  coefficient  on  transit  walk  for  work  trips  (in 
Domencich  and  McFadden,  ££.  cit . ) is  -0.147.  Assuming  five 
minutes  initial  and  final  walk  time  and  20  percent  modal  split 
tor  people  who  would  have  to  walk  1,000  feet  (four  minutes)  to 
transfer  if  they  rode  transit, 

‘I  walk  = (1  - 0.2)  (-0.1472)  (9  ) = 1.06 
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the  reduction  in  spatial  separation,  but  who  may  now  transfer 
(i.e.,  a aistributor/f eeder  transfer)  to  a convenient  second 
bus.  Depending  on  how  tar  they  walked  previously,  the  transfer 
demana  elasticity  with  respect  to  walk  for  these  people  may 
also  be  greater  than  one. 

It  Should  be  emphasized  that  this  ridership  example  is 
pureli'  hypothetical  and  is  not  intended  to  be  applied  directly 
to  any  particular  property.  However,  an  elasticity  of  demand 
with  respect  to  transit  walk  time  of  unity  is  quite  consistent 
with  operator  impressions  and  opinions. 

Revenue 

The  change  in  revenue  which  can  be  attributed  to  reduction 
in  spatial  separation  is  proportional  to  the  change  in 
riaership,  though  special  fares  which  apply  to  the  elderly, 
etc. , must  be  accounted  for.  Since  the  exact  change  in 
riaership  is  impossible  to  estimate,  so  is  the  change  in 
revenue.  however,  it  is  possible,  using  the  example  of  cost 
consequences  presented  at  the  beginning  of  this  section,  to 
show  that  it  is  not  unreasonable  to  expect  that  the  additional 
revenue  generated  by  the  improved  quality  of  service  could 
exceea  the  extra  ^7,200  operating  cost. 

The  number  of  transferring  passengers,  by  the  previous 
example,  may  possibly  increase  by  50  percent  with  the 
elimination  of  transfer  walk  distance.  Thus,  the  revenue 
collected  from  passengers  who  transfer  (including  their  base 
fare)  will  increase  by  50  percent  as  well.  In  order  for  the 
aaaitional  revenue  induced  by  the  reduction  in  transfer 
distance  to  exceed  $7,200  (the  cost  of  the  reduction),  the 
initial  total  revenue  collected  from  passengers  who  transfer 
must  exceed  $14,400  yearly,  or  $48  daily.  Assuming  a $.50  base 
fare  and  no  transfer  charge,  this  means  there  must  be  at  least 
40  passengers  who  transfer  per  day  prior  to  the  change  in 
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transfer  walk  cii 
transferring  per 
situations  wnere 
revenue  increase 


stance,  or  less  than  two  passengers 
trip.  It  appears,  then,  that  there  are  many 
reducing  spatial  separation  can  result  in  a 
greater  than  the  cost  increase. 


Rail  Transfers 

Tne  running  cost  consequences  (bus  VMT  and  VHT)  of 
reaucing  tne  spatial  separation  between  buses  and  rail  do  not 
aiffer  substantially  from  the  running  cost  consequences 
associatea  with  bus/bus  transfers.  However,  the  capital  cost 
consequences  associated  with  reducing  bus/rail  and  rail/rail 
transfer  distances  are  much  greater.  Almost  all  of  the  rail 
transfer  strategies  described  in  Section  5.3  require  some 
capital  investment  because  changes  in  facilities  are  involved. 
It  is  not  within  the  scope  of  this  study  to  estimate  capital 
costs  (for  example,  for  rail  stations  with  and  without  bus 
tunnels).  Site-specific  considerations  preclude  such 
estimates,  however,  it  is  easy  to  make  two  readily  apparent 
observations  concerning  the  capital  costs  of  different 
s trateg ies . 

The  first  observation  is  that  it  costs  much  more  to 
implement  a strategy  after  a station  is  built  than  while  it  is 
being  built.  This  holas  for  all  strategies  previously 
aescribed  --  elevators,  escalators,  bus  bays,  bus  tunnels,  etc. 
Even  a system  such  as  BART,  which  is  relatively  new,  finds  it 
prohibitively  expensive  to  add  bus  bays  now  to  existing 
stations.  The  increased  costs  come  not  only  from  structural 
changes  but  also  from  the  increased  activity  attracted  by  the 
rail  station  that  may  make  it  difficult  to  procure  land 
aajacent  to  the  rail  station. 
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Tne  second  observation,  a corollary  to  the  first,  is  that 
the  costs  of  some  distance  reduction  strategies  are  quite  small 
compared  witn  the  total  cost  of  the  station  if  they  are 
incluued  in  the  original  construction  of  the  station.  Bus 
bays,  bus  ramps,  escalators,  elevators,  off-street  bus 
terminals,  etc.,  are  relatively  inexpensive  to  include  in 
stations  outsiae  the  CEO.  In  the  CBD,  land  may  already  be 
sufficiently  expensive  that  such  strategies  are  hindered  to 
some  extent. 

The  analysis  of  user  satisfaction,  ridership,  and  revenue 
consequences  applicable  to  bus/bus  transfers  holds  for  bus/rail 
and  rail/rail  transfers  as  well,  with  some  modifications. 

There  is  a consensus  among  operators  that  bus/bus  transfers  are 
generally  more  onerous  than  bus/rail  transfers,  which  are  in 
turn  more  onerous  than  rail/rail  transfers.  This  may  be  due  to 
the  amenities  and  shelter  often  provided  by  rail  facilities. 

It  this  IS  true,  it  would  lower  tne  amount  of  user 
satisfaction,  riaership,  and  revenue  gains  which  could  be 
expected  from  reducing  the  associated  transfer  distances, 
however,  the  differences  in  disutility  between  transfer  types 
may  be  partially  due  to  the  shorter  headways  typically  found  on 
rapiQ  rail  lines,  and  not  on  any  intrinsic  characteristics  of 
rail.  This  would  tend  to  reinforce  the  importance  of  reducing 
spatial  separation  for  rail  transfers.  Indeed,  the  importance 
ot  the  vertical  transfer  distance  typically  encountered  in  rail 
transfers  to  some  market  segments  makes  spatial  separation  a 
particularly  important  component  of  a rail  transfer  policy. 

5.5  Synthesis 

There  exists  an  important  tradeoff  between  the  costs  of 
reducing  transfer  walk  distance  and  the  user  benefits  obtained. 
On  any  particular  property  with  its  specific  route  and  street 
network,  the  tradeoff  may  or  may  not  favor  reducing  walk 


110 


aistance.  Indeed,  it  may  be  impossible  in  a very  large  city  to 
have  all  routes  actually  intersect.  Alternatively,  in  a small 
city  with  a well  defined  center,  buses  may  naturally  terminate 
at  the  same  place.  The  purpose  of  this  section  is  to  relate 
the  available  strategies  for  dealing  with  transfer  distance  to 
the  circumstances  under  which  they  are  most  applicable. 

Tne  first  available  strategy  is  to  place  all  bus  route 
termini  in  a contiguous  area.  For  bus/bus  transfers,  if  the 
transfer  walk  distance  is  less  than  one  or  two  blocks,  with 
clear  lines  of  sight  between  buses,  the  satisfaction  of 
transferring  passengers  is  generally  high.  This  is  due  both  to 
the  relatively  short  walk  involved  and  the  ease  with  which  an 
infrequent  user  can  find  the  connecting  bus.  At  outlying, 
uncongesteo  transfer  points,  buses  may  be  placed  even  closer. 

The  key  determinants  of  how  closely  a given  property  can 
come  to  this  ideal  situation  for  buses  are  the  size  of  the  CBD 
and  the  number  of  buses  which  arrive  there.  CBD  size  tends  to 
be  correlated  witn  factors  such  as  traffic  congestion  and  land 
use  intensity,  both  of  which  discourage  the  clustering  of 
buses.  Therefore,  except  in  particular  cases  where  the  layout 
of  the  CBD  is  well  suited  to  single-point  termination, 
properties  with  large  CBDs  cannot  generally  obtain  the  most 
desirable  walking  distance  between  all  buses  at  a single 
transfer  point. 

The  number  of  buses  which  meet  is  also  somewhat  correlated 
with  CBD  size.  Available  information  suggests  strongly  that 
the  upper  bound  on  the  number  of  buses  that  can  be  present 
simultaneously  at  a transfer  point  is  approximately  20.  Above 
this  number,  even  if  all  buses  meet  in  a contiguous  area,  there 
will  necessarily  be  a significant  transfer  walk  distance 
between  certain  route  pairs.  Also,  transferees  will  generally 
not  have  a clear  line  of  sight  between  buses,  reducing  user 
satisfaction.  Hence,  the  presence  of  a large  number  of  buses 
leads  to  the  need  to  consider  other  strategies  for  reducing 
transfer  distance. 
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For  Dus/raii  and  rail/rail  transfers,  the  most  desirable 
situation  is  one  where  the  transfer  is  across  a platform,  and 
where  the  maximum  walk  is  approximately  half  the  length  of  the 
train.  The  number  of  buses  and  number  of  trains  which  meet  at 
one  point  is  an  important  factor  in  determining  whether  this 
can  be  accomplished.  More  important,  though,  are  the 
constraints  on  the  construction  of  special  facilities.  Cost 
ana  availability  of  land  and  space  can  combine  to  rule  out 
either  running  rail  at  grade,  or  providing  the  means  to  bring 
the  buses  to  the  level  of  the  train. 

It  is  thus  often  necessary  to  consider  alternatives  to  the 
most  aesiraole  transfer  distance  arrangement,  since  so  many 
constraining  factors  may  be  present.  Cne  possibility  is  an 
off-street  terminal  facility,  either  enclosed  or  outdoors. 

Sucn  a facility  increases  the  number  of  buses  which  can 
teasibiy  meet  at  one  transfer  point  by  bringing  buses  closer 
together  than  they  could  come  on-street,  simultaneously 
reaucing  street  congestion  and  pedestrian  obstacles,  etc.  This 
strategy  could  be  used  for  both  bus/bus  and  bus/rail  transfers, 
however,  such  a facility  may  be  incompatible  with  the  current 
route  structure,  since  land  may  not  be  available  in  a 
convenient:  location.  Furthermore,  on  properties  which  most 
neea  an  off-street  facility,  land  costs  can  be  prohibitively 
high.  Therefore,  when  the  tradeoff  is  viewed  purely  on  the 
grounas  of  transfer  distance  alone,  it  is  usually  not  worth 
proviaing  such  facilities.  However,  there  may  be 
site-specific,  non- transfer-related  reasons  for  building  such  a 
facility  (e.g.,  street  congestion,  visual  effects  of  many  buses 
parkea  on  street  in  the  CBD,  etc. ) . 

The  next  several  strategies  are  applicable  mainly  for 
bus/bus  transfers,  although  any  strategy  which  affects  the 
distance  between  buses  may  also  affect  (indirectly)  the 
Distance  between  bus  and  rail.  Bus  transit  malls  or  streets 
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are  often  a feasible  alternative.  The  number  of  routes  is  not 
a constraint,  because  although  all  or  most  routes  run  down  the 
same  street,  they  ao  not  all  terminate  or  lay  over  at  the  same 
point  in  time  or  space.  Effective  spatial  separation  of  routes 
IS  low  because  all  buses  travel  past  the  same  points. 

Operating  cost  savings  may  be  possible  if  auto  traffic  is 
excluaea,  and  capital  improvements  required  are  generally 
minimal.  However,  if  the  CBD  is  not  "narrow"  (e.g.,  four 
blocks  or  less),  the  implementation  of  bus  transit  malls  may 
require  significant  route  realignments,  possibly  resulting  in  a 
nigher  percentage  of  transfers  downtown,  and/or  additional  walk 
time  for  people  traveling  to  some  CBD  destinations.  With  this 
restriction,  the  bus  transit  mall  strategy  is  appropriate  for 
any  size  city,  and  is  currently  employed  by  both  large  and 
small  properties. 

Another  way  to  adaress  the  problems  of  bringing  routes 
together  at  a single  point  is  to  restructure  routes.  The 
transfer  aistance  between  some  pairs  of  routes  can  be  minimized 
if  the  operator  is  willing  to  tolerate  multiple  transfer 
points.  A pure  grid  route  structure  is  the  most  extreme  case, 
since  each  transfer  point  has  only  two  bus  routes  intersecting, 
ana  spatial  separation  is  very  small  between  them.  Subfoci 
represent  a strategy  intermediate  between  a grid  and  a single 
principal  transfer  point.  However,  even  though  these 
strategies  avoid  the  problems  of  a single  transfer  point,  they 
entail  new  and  different  tradeoffs  of  their  own. 

Tne  subfoci  strategy  groups  together  routes  which  go  to 
the  same  area,  exchange  many  transfers,  and/or  meet  at  a common 
point  (e.g.  a rail  station).  Since  the  subfoci  strategy 
implicity  entails  the  division  of  bus  routes  into  several  small 
groups,  the  number  of  buses  in  each  is  generally  not  a 
limitation.  In  addition,  subfoci  can  be  easily  arranged  so 
that  the  CBD  is  well  covered  and  transfers  between  routes  going 
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to  Qitferent  subfoci  are  easily  made  (e.g.,  routes  from  the 
east  side  of  town  terminate  on  west  side  of  CBD) . The 
oisadvantage  of  such  an  arrangement  is  extra  VMT  within  the 
congestea  area,  wnich  leads  to  higher  costs.  This  variant  of 
tne  subfoci  strategy  can  therefore  not  usually  be  implemented 
on  a property  witn  a large  CBD  without  undesirable  cost 
consequences . 

V\/ith  a grid  system  of  routes,  spatial  separation  at 
transfer  points  is  minimized,  number  of  routes  is  not  a 
constraint,  and  coverage  is  maximized.  This  last  point  is 
especially  important  for  properties  with  large  central  areas  of 
nigh  aensity  employment  and  population,  where  a grid  system  is 
often  tne  only  appropriate  route  structure.  A grid  system, 
thougn,  has  some  drawbacks  for  transferees.  For  example,  a 
large  number  of  aispersed  transfer  points  are  less 
comprehensible  to  infrequent  transferees,  and  less  secure  in 
the  evening  than  a small  number  of  well-defined  points, 
however,  given  that  large  properties  may  find  it  very  difficult 
to  bring  all  their  routes  together  at  one  place,  the  cost  and 
user  satisfaction  consequences  associated  with  a grid  system  on 
such  properties  may  make  it  a desirable  alternative. 

Additional  strategies  are  available  for  facilitating 
bus/rail  and  rail/rail  transfers.  Escalators  and  elevators  may 
be  cost-effective  method  of  reducing  perceived  vertical 
separation  within  rail  stations  themselves  if  included  in  the 
original  construction.  A bus  tunnel  can  reduce  transfer 
distance,  but  may  be  prohibitively  costly  and  land-consuming  in 
some  locations,  and  physically  impossible  in  others.  It  does, 
however,  provide  the  equivalent  of  an  off-street  terminal 
facility  and  roadway  which  may  be  important  in  congested  areas. 
Finally,  bus  bays  seem  to  be  useful  in  reducing  horizontal 
bus/rail  transfer  distance  at  a relatively  small  cost  by 
providing  a space  for  more  buses  to  meet  at  the  rail  station  in 
a smaller  area. 
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It  is  important  to  point  out  in  conclusion  that  there  is 
one  aaaitional  major  factor  to  consider  when  assessing  the 
traaeoffs  involved  in  reducing  spatial  separation  at  transfer 
points.  The  analysis  in  this  section  has  examined  the 
reduction  of  spatial  separation  as  an  independent  option.  In 
practice  it  is  often  considered  in  conjunction  with  options 
requiring  pnysical  proximity  of  connecting  vehicles  (e.g., 
through-routing,  schedule  coordination,  timed  transfers) . 

Thus,  while  reducing  spatial  separation  has  its  costs,  it  may 
also  have  benefits  which  go  beyond  those  of  the  single  transfer 
policy  component  standing  alone,  since  it  enhances  the 
feasibility  of  other  potentially  beneficial  options  that  are 
discussed  in  the  following  chapters. 
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Chapter  6 
THROUGH-ROUTING 

6.1  Introduction 

Through-routing  is  the  second  transfer  policy  component  to 
De  consiaerea  in  detail  in  this  report.  Through-routing,  also 
Known  as  interlining,  is  a procedure  in  which  two  routes  are 
linKea  so  that  the  same  vehicle  travels  on  both  routes.  It  can 
eliminate  transfers  between  two  routes  since  a passenger  can 
boara  a vehicle  at  a stop  on  one  route  and  debark  at  a stop  on 
another  route  without  having  to  switch  vehicles.  Hence, 
tnrough-routing  is  an  important  transfer  policy  option. 

Also  consiaered  in  this  chapter  is  route  consolidation,  or 
the  turnback  of  bus  routes  at  rail  stations.  This  option  is 
the  "reverse”  of  through-routing,  since  transfers  are  induced 
instead  of  being  eliminated.  The  purpose  of  route 
consolidation  is  to  save  bus  miles  and  hours  on  routes  which 
are  parallel  to  rail  lines.  Route  consolidation  forms  an 
integral  part  of  the  transfer  policy  of  many  rail  properties, 
ana  as  such  is  an  important  option  to  consider. 
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i 

j Section  6.2  outlines  tne  operator  actions  associated  with 

j several  aitferent  types  of  bus  through-routing.  Section  6.2 
I also  notes  the  characteristics  of  properties  which  use  each 

I type  or  tnrough-routing  strategy.  Section  6.3  focuses  on  how 

!l 

j rail  properties  currently  do  or  do  not  utilize  route 
j consoliaation.  Section  6.4  examines  the  consequences  of 

ii  tnrough-routing  and  route  consolidation,  while  Section  6.5 

I summarizes  ana  synthesizes  the  results  from  the  previous 
, sections.  Criteria  are  suggested  for  choosing  a 

tnrougn-routing  strategy  to  attain  operational  versus  ridership 
goals,  and  the  tradeoffs  between  satisfying  these  two  goals  are 
j outlinea.  Situations  in  which  route  consolidation  might  be 

* proQuctive  are  also  noted. 

I 

i 

! 6.2  Current  Practice  --  Bus 


I There  is  no  consistent  practice  among  U . S . transit 

properties  regarding  bus  through-routing.  Some  properties  do 
not  route  tnrough  at  all,  while  others  interline  at  least  a few 
routes.  At  the  extreme,  there  are  some  properties  which  use 
through-routing  extensively.  As  may  be  seen  in  Figure  6-1, 

I there  is  no  evidence  that  the  degree  of  through-routing  is 

I 

j correlatea  with  size  of  property,  use  of  timed  transfers,  or 

I 

I amount  of  transfer  charge. 

There  are  several  reasons  why  an  operator  will  or  will  not 
I employ  through-routing.  Foremost  among  these  are 

operational/cost  considerations  and  ridership  concerns.  While 
1 both  of  these  reasons  will  be  analyzed  later  in  this  chapter, 

^ it  nas  been  found  that  large  and  small  properties  alike 
j through-route  most  often  for  operational  reasons  rather  than 
for  increasing  ridership  or  user  satisfaction.  This  may 
reflect  the  highly  tangible  nature  of  operational  problems  to 
transit  operators. 


IL 
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Figure  6-1 

BUS  THROUGH-ROUTING  PRACTICES  BY  SEGMENTATION  CELL 


Properties  Which  Do  Not  Use  Timed  Transfers  Extensively 


Transfer 

Charge 

Small  Size 

Large  Size 

Fu  1 1 

Lawrence  ^ 
Jacksonv i 1 1 e ^ 

Boston^ 

Reduced 

Prov i dence  ^ 
To  1 edo^ 
Knoxv i 1 1 e ^ 

Memph i s ^ 

Pi ttsburgh  ^ 

Zero 

Char  1 eston  ^ 
Du  1 uth  ^ 
Hartford^ 
Greenf I e 1 d ^ 

San  Francisco^ 
A 1 bany^ 

Wash i ngton  ^ 

Properties 

Which  Use  Timed  Transfers 

Extensivel y 

Transfer 

Charge 

Small  Size 

Large  Size 

Fu  1 1 

Reduced 

Lafayette^ 

Zero 

Eugene^ 

Everett^ 

Fresno^ 

Westport^ 

Portland,  OR^ 
Denver^ 

^Extensive  through-routing. 
^Partial  through-routing. 
^No  through-routi ng. 


Source:  Operator  interviews. 
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Tnrou9ii-rout ing  can  be  usefully  divided  into  five 
Qistinct  types  or  strategies.  Each  has  a different  set  of 
associated  operator  actions,  consequences,  and  criteria  for 
application.  These  strategies  are  not  the  only  types  possible, 
but  they  are  the  most  relevant  to  a transfer  study,  and  they 
cover  the  spectrum  of  current  practice  on  U.S.  properties. 

The  first  type  of  through-routing  will  be  called  "classic" 
througn-routing.  It  is  the  most  common  form  of  through- 
routing,  and  corresponds  to  what  is  usually  meant  by  the  term 
interlining.  In  classic  through-routing,  two  routes  share  the 
same  vehicles,  so  that  each  bus  approaches  the  termination 
point  on  one  route  and  exits  on  the  other.  This  necessarily 
implies  that  the  two  routes  have  the  same  headway  and  terminal 
point,  and  that  they  are  paired  on  a regular,  semipermanent 
basis . 

The  operator  makes  several  other  decisions  when 
implementing  classic  through-routing.  The  two  routes  may  have 
the  same  number  (with  other  distinguishing  features,  such  as 
colors)  or  different  numbers.  Through-routing  can  be  noted  on 
the  schedule,  or  not.  If  passengers  are  allowed  to  ride 
through,  then  the  operator  must  establish  a fare  structure. 
Through-riaing  can  either  be  free,  cost  full  fare,  or  cost  the 
same  as  regular  transferring.  The  first  two  alternatives  may 
raise  equity  problems,  while  the  third  entails  issuing  transfer 
slips  ana  then  collecting  them  at  the  route-switch  point  or 
upon  exiting. 

Classic  through-routing  is  used  by  the  great  majority  of 
properties  which  use  through-routing.  The  termination  points 
tor  the  through-routed  lines  are  usually  in  the  CBD,  though 
routes  may  also  be  joined  at  an  outlying  terminus.  The  paired 
routes  are  usually  aligned  so  that  a passenger  riding  through 
is  traveling  in  approximately  the  same  direction.  However, 
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tnere  are  some  properties  where  this  is  not  the  case.  Within 
cne  strategy  of  classic  through-routing,  therefore,  there  are  a 
large  number  of  possible  variations. 

The  secona  type  of  through-routing  can  be  called 
"single-route"  through-routing.  Single-route  through-routing 
aiffers  from  classic  through-routing  only  in  that  the  two 
halves  of  the  route  are  joined  on  a permanent  basis,  and 
formally  treated  as  a single  route.  From  a short-term 
operational  perspective,  single-route  through-routing  is  the 
same  as  classic  through-routing.  However,  user  attitudes  and 
long-term  operational  considerations  may  differ.  A 
single-route  through-route  is  sometimes  hard  to  distinguish 
from  an  ordinary  route.  The  primary  identifying  feature  is 
that  the  single-route  through-route  runs  through  a point  which 
would  ordinarily  be  a terminus,  such  as  the  CBD  or  an  outlying 
rail  station. 

A third  kind  of  through-routing  is  "variable" 
through-rout ing . This  occurs  when  buses  coming  off  one  route 
may  be  interlined  to  any  one  of  a number  of  different  routes. 
Tnis  type  of  interlining  may  vary  throughout  the  day.  The 
operator  actions  neeoed  to  implement  this  variant  include 
extensive  and  potentially  difficult  scheduling  to  ensure  that 
all  routes  are  supplied  with  buses.  It  is  not  necessary  that 
all  headways  match  on  all  routes,  and  variations  in  headways  on 
each  route  within  a certain  range  are  likely  to  occur. 

The  fourth  variant  of  through-routing  is  the  "tripper,"  a 
bus  which  is  routed  through  at  particular  times  of  the  day. 

This  usually  is  done  during  rush  hour,  or  to  meet  shift  or 
school  times.  The  operator  must  either  add  extra  buses,  or 
extend  normal  runs  of  regular  routes  to  provide  trippers.  In 
the  first  case,  as  long  as  there  are  enough  buses  available,  no 
significant  interference  with  the  rest  of  the  system  should 
occur.  In  the  second  case,  adequate  lay-over  time  on  the 
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original  route  or  a change  in  schedule  may  be  needed  to 
accommooate  tne  tripper.  It  should  be  pointed  out  that  a 
tripper  will  usually  travel  only  part  of  the  second  route, 
i^erhaps  only  a very  small  part.  This  tends  to  minimize 
scheauling  proolems.  A variety  of  properties  utilize  trippers, 
ana  t requently  cite  user  satisfaction  as  the  reason  for  this 
form  of  through-routing. 

The  fiftn  ana  final  variant  of  through-routing  will  be 
termea  "overlap.”  Overlap  involves  terminating  a route  on  the 
opposite  siae  of  the  CBD  from  which  it  came  in.  For  instance, 
if  a route  comes  from  the  east  siae  of  the  CBD  it  would 
terminate  just  on  the  west  side.  This  type  of  overlap  is 
relatea  to  the  subfoci  strategy  described  in  Chapter  5 for 
reaucing  spatial  separation  at  transfer  points. 

Overlap  is  included  as  a variant  of  through-routing 
Decause  it  is  aone  tor  many  of  the  same  operational  reasons  and 
because  it  can  serve  many  of  the  same  transfer-related 
purposes.  In  particular,  overlap  may  eliminate  the  need  for 
some  aistriDutor/f eeder  transfers  downtown.  Operator  actions 
neeaea  to  implement  overlap  include  disconnecting 
tnrough-routea  lines,  and  extending  their  lengths  to  move  their 
termination  points  outside  of  the  CBD. 

Examples  of  cities  which  use  each  of  these  five  types  of 
through-routing  are  presented  in  Figure  6-2. 


6.3  Current  Practice  --  Bus/Rail 


Through-routing  is  widely  practiced  in  the  case  of  bus/bus 
transfers,  but  its  applicability  in  the  bus/rail  case  is 
constrainea  by  hardware  limitations.  In  theory,  a bus  could  be 
ariven  over  a street-based  route,  and  then,  using  a second  set 
of  (steel)  wheels,  traverse  some  line-haul  rail  segment.  To 
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Figure  6-2 

EXAMPLES  OF  CITIES  USING  VARIOUS  BUS  THROUGH-ROUTING  STRATEGIES 


Strategy 

Classic  through-routing 


Exampi e 

Lafayette 
Memph i s 
To  1 edo 


Single-route  through-rout i ng 


Co  I umbus 
I nd i anapo I i s 


Variable  through-rout i ng 


Everett 

Duluth 


T r i pper 


Greenf i e I d 
Fresno 


Over  I ap 


Ba I t i more 


Source;  Operator  interviews. 
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aate,  conventional  street  buses  have  not  been  adapted  for  rail 
use  on  a wiaespreaa  basis.  Therefore,  "dual-mode"  operation 
will  not  be  consiaered  further  here. 

Tne  most  significant  option  of  this  type  relevant  to  rail 
transfers  is  route  consolidation.  Route  consolidation  is  the 
exact  opposite  of  through-routing  in  that  it  entails  the 
turning  bacx  at  rail  stations  of  bus  routes  which  formerly 
traveled  into  the  C6D.  Route  consolidation  thus  forces  riders 
to  transfer  by  making  the  rail  lines  the  only  transit  access 
route  into  tne  CBC. 

Several  cities  use  route  consolidation  extensively  and 
turn  back  all  or  almost  all  of  their  buses  at  rail  stations 
(see  Figure  6-3).  Included  in  these  are  Boston,  Washington, 
ana  Atlanta.  Boston  currently  has  few  local  bus  routes  which 
run  into  the  CBD,  while  Viashington  turns  back  bus  routes  at 
rail  stations  wnerever  possible,  meaning  that  some  trips  which 
formerly  could  be  accomplished  on  one  bus  now  require  bus  and 
rail,  ana  sometimes  even  bus/rail/bus.  In  Atlanta,  once  rail 
service  is  operating  at  a high  enough  level  of  reliability,  bus 
routes  will  be  restructured  to  eliminate  through-routes  and 
provide  feeder  service  to  the  rail  stations. 

In  some  cities,  route  consolidation  is  not  used  to  any 
significant  degree.  Wew  York  and  Philadelphia  have  many  bus 
routes  which  run  parallel  to  rail  lines  over  long  distances. 

In  addition,  express  bus  lines  often  parallel  commuter  rail 
lines  wnile  providing  a comparable  level  of  service  (e.g., 
boston,  Detroit) . Those  cities  which  do  not  use  route 
consolidation  find  that  people  prefer  to  stay  on  buses  rather 
tnan  transfer  to  trains  trains  and/or  use  buses  for  local 
service  between  rail  stops.  Route  consolidation  is  typically 
implemented  for  cost  reasons,  and  to  encourage  rail  riding. 
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Fi gure  6-3 

USE  OF  ROUTE  CONSOLIDATION 
( By  Samp!  e Ci  ties) 
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6.4  Consequences 


uf  the  five  variants  of  bus  through-routing  described 
aoove,  classic  through-routing  is  by  far  the  most  widely 
utilizea.  Therefore,  its  consequences  will  be  presented  in 
oetail,  with  the  consequences  of  the  other  variants  being 
aescribeo  only  as  they  differ  from  those  of  the  classic 
tnrough-rout ing  option.  A separate  subsection  presents  the 
consequences  of  route  consolidation  at  rail  stations. 

bus  Transfers 


Costs 

A major  operational  and  cost  consequence  of  classic 
through-routing  (hereafter  referred  to  simply  as 
tnrougn-routing ) is  usually  the  elimination  of  at  least  some 
turn-around  time,  distance,  and  street  space  consumption.  Only 
It  all  buses  alreaoy  stop  on  a one-way  street  or  come  into  the 
CbD  from  the  same  general  direction  will  such  consequences  fail 
to  materialize. 

As  a result  of  eliminating  some  turn-around,  VMT  and  VHT 
will  usually  aecrea.se,  particularly  when  turn-around  would  have 
occurrea  in  a congested  downtown  area.  This  leads  to  a 
aecrease  in  operating  costs.  If  there  is  no  reduction  of 
neaaways,  then  by  reducing  turn-around,  fewer  buses  may  be 
needed  on  the  paired  routes.  This  cuts  costs  for  any  given 
level  of  service.  For  instance,  when  Portland,  Maine 
eliminatea  aowntown  circling  in  1976,  the  estimated  annual 
operating  cost  savings  was  approximately  $15,000. 

Through-routing  can  also  increase  costs  if  it  is  necessary 
to  extena  the  routes  so  that  they  coterminate,  or  reduce  the 
headways  of  one  route  to  provide  a frequency  match.  The  net 
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eftect  of  through-routing  on  costs  is  therefore  determined 
largely  by  site-specific  factors. 

A hypothetical  example  may  help  clarify  cost  issues, 
ouppose  there  are  two  routes  extending  in  opposite  directions, 
both  of  which  have  half-hour  headways  and  total  run  times 
(including  layovers)  from  6;U0  a.m.  to  9:00  p.m.  Suppose  also 
that  each  bus  turns  around  by  circling  one  block,  and  that 
turning  arouna  takes  approximately  three  minutes.  Assuming  an 
operating  cost  of  520  per  bus-hour,  if  through-routing  is 
implementea  ana  the  turn-arounds  are  eliminated,  then  the 
approximate  annual  operating  cost  savings  are  $18,000. 

Continuing  this  very  simplified  hypothetical  example, 
consiaer  tne  case  wnere  one  of  the  routes  originally  had  a 
heaaway  ana  run  time  of  45  minutes,  and  one  bus  had  to  be  added 
CO  match  the  headway  of  the  other  route.  The  cost  savings  due 
CO  eliminating  turn-around  would  be  $15,000,  but  the  cost  of 
running  the  extra  bus  would  be  approximately  $90,000.  Clearly, 
any  significant  reduction  in  headways  can  more  than  offset  the 
cost  savings  from  through-routing  (though  it  may  also  produce 
significant  non- transfer-related  benefits) . 

It  should  be  emphasized  that  there  are  other  factors  which 
help  aeterinine  the  cost  consequences  of  through-routing. 
Througn-routing  can  aid  in  the  logical  scheduling  of  buses, 
because  the  operator  can  combine  routes  so  that  run  times 
(inciuaing  layovers)  on  a single  route  do  not  have  to  be  evenly 
aivisiDle  oy  headways.  This  relaxes  the  constraints  of 
clocKface  scheauling,  and  allows  the  elimination  of  some 
unproauctive  layover  time  to  maintain  such  a schedule  in  the 
absence  of  through-routing. 

Another  factor  which  must  be  taken  into  account  is  the 
effect  of  through-routing  on  reliability.  There  is  a 
wiaespread  theory  that  through-routing  decreases  reliability, 
however,  this  is  only  true  if  existing  mid-point  layovers  are 


126 


eliir.inatea  when  the  through-route  is  created.  If,  before 
through-routing , there  existed  sufficient  layover  time  to 
absoro  tne  unreliability  of  the  separated  routes,  then  the 
reliability  of  the  combined  route  generally  cannot  decrease. ^ 
The  only  problem  arises  if  one  route  consistently  comes  in 
late,  so  that  eveh  when  layovers  are  taken  into  account,  the 
reliability  of  the  other  route  will  be  reduced  as  well.  Extra 
layover  time  might  be  needed  in  this  case  (whether  or  not 
tnrough-routing  is  implemented) . 

Conversely,  routes  which  consistehtly  have  lohg  layovers 
oecause  of  a "short"  running  time  may  be  paired  up  with  routes 
with  "long"  running  times.  In  this  way,  the  bus  which  ruhs 
late  on  the  "long"  route  can  make  up  time  on  the  other  route. 

In  general,  the  presence  of  "slack"  time  in  each  run's  layover 
snoula  permit  a reauction  in  overall  layover  without  decreasing 
scheaule  aanerence  as  long  as  delays  on  the  two  routes  are  not 
perfectly  correlated. 


User  Satisfaction 

Another  consequence  of  through-routing  which  must  be 
consiaerea  is  the  effect  on  people  who  transfer  between  two 
routes  or  woula  through-ride  if  a transfer  were  not  necessary. 
The  people  who  would  benefit  most  from  through-routing  are 
those  who  most  aislike  the  movement  between  buses  involved  in 
transferring.  Through-routing  thus  affects  many  of  the  same 
types  of  people  who  are  affected  by  reducing  transfer  distance, 
such  as  the  elderly  and  shoppers.  Of  course,  other  user  groups 

^It  is  commonly  believed  that  mid-point  layovers  "must"  be 
eliminatea  when  through-routes  are  created.  However,  when 
those  layovers  serve  a productive  purpose  (e.g.,  to  enhance 
reliability),  it  may  be  more  beneficial  to  retain  them,  though 
tne  benefits  for  transferring  passengers  are  reduced. 
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will  also  benefit  from  the  decrease  in  transfer  walk  distance 
ana  time  (see  Chapter  5)  associated  with  through-routing. 

(iMOte:  "transfer”  time  is  nonzero  if  mid-route  layovers  are 

retained. ) 

People  who  use  the  paired  routes  but  do  not  transfer  will 
De  affectea  primarily  by  the  changes  in  service  frequency  and 
reliability  wnich  may  accompany  through-routing.  Depending 
upon  the  magnitudes  of  these  changes,  general  user  satisfaction 
can  increase  or  decrease.  Most  operators  favor  increasing 
service  frequency  to  implement  through-routing,  thus  increasing 
satisfaction  even  for  nontransferees.  Moreover,  except  in 
cases  wnere  a very  unreliable  route  is  joined  to  a previously 
reliable  one,  the  reliability  of  the  through-routed  lines 
shoula  not  go  aown.  Hence,  in  most  cases,  user  satisfaction 
among  nontransferring  riders  will  not  drop. 

Kidership 

The  change  in  ridership  due  to  through-routing  is 
difficult  to  quantify.  As  explained  in  Chapter  4,  since 
through-riders  do  not  usually  use  transfer  slips,  their  numbers 
are  difficult  to  measure.  Moreover,  operators  of  properties 
wnich  through-route  for  operational  and  cost  reasons  may  be 
aware  that  some  people  are  through-riding  without  knowing 
their  exact  number. 

As  would  be  expected,  the  number  of  through-riders  on 
properties  which  through-route  for  ridership  reasons  tends  to 
be  higher  than  on  properties  which  through-route  for 
operational  purposes.  Based  on  limited  data,  indications  are 
that  when  properties  design  their  through-routes  around  travel 
patterns,  the  expected  increase  in  ridership  will  not  exceed  7 
or  8 percent  and  may  be  even  lower.  For  instance,  before  1975 
(when  timed  transfers  were  instituted) , Brockton,  Massachusetts 
tnrough-routed  for  ridership  purposes  by  connecting  several 
routes  which  served  logical  origin/destination  pairs.  As  a 
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result/  50  of  2,000  system  passengers  rode  through  each  day 
(2.5  percent  of  all  riders  --  higher  for  the  routes  that  were 
tnrougn-routea) , ana  at  least  some  of  these  riders  would  have 
riaaen  transit  ana  transferred  in  the  absence  of 
tnrough-rcu ting . For  properties  that  through-route  for 
operational  reasons,  the  number  of  new  riders  would  be  smaller. 
It  would  also  take  longer  to  reach  equilibrium,  since 
properties  which  through  route  for  operational  reasons  often  do 
not  puolicize  the  through-routing  for  fear  that  it  would  limit 
tneir  flexibility  to  switch  route  pairs  if  circumstances 
cnanged. 

It  is  possible  to  estimate  the  ridership  increase  from 
tnrough-rout ing  through  use  of  demand  elasticities.  Assuming  a 
transit  demana  elasticity  for  out-of-vehicle  time  of  -0.7^  an 
average  door-to-door  out-of-vehicle  time  of  30  minutes,  and  an 
average  out-of-vehicle  time  spent  transferring  of  15  minutes, 
through-routing  would  increase  the  number  of  passengers  who  go 
from  the  first  route  to  the  second  route  by  approximately  35 
percent  (.7  x .5)  as  long  as  there  are  no  layovers  at  the 
central  point.  It  the  passengers  who  previously  transferred 
from  the  first  route  to  the  second  route  made  up  20  percent  of 
tne  total  riaership  on  the  first  route,  through-riding  would 
increase  tne  total  ridership  of  the  first  route  by  about  7 
percent.  This  example  tends  to  confirm  that  through-routing 
will  have  relatively  small  effects  on  ridership  in  most 
circumstances . 

Revenue 

Tne  impacts  of  through-routing  on  revenue  are  difficult  to 
generalize.  If  tne  fare  imposed  on  those  people  who  ride 
tnrougn  is  lower  than  that  paid  to  transfer,  through-riding  may 
have  a negative  impact  on  revenue.  However,  if  through-riding 

^Domencicn,  Kraft,  and  Valette,  o£.  cit . 
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attracts  new  riders  on  a previously  free  transfer,  then  it  may 
raise  revenue.  The  amount  of  revenue  depends,  of  course,  on 
the  number  of  additional  riders  and  their  characteristics, 
borne  riaers,  such  as  the  elderly,  may  pay  a lower  fare  ana  thus 
have  a smaller  impact  on  revenue. 

Tne  example  of  riaership  consequences  previously  presented 
can  De  usea  to  estimate  revenue  consequences  as  well  under 
several  aitferent  scenarios.  If  the  transfer  charge  previously 
was  zero,  and  all  new  riders  are  paying  full  fare  (e.g.,  $.50), 
the  revenue  increase  on  the  route  should  be  the  same  as  the 
overall  riaership  increase,  or  7 percent.  If  there  is  a 
transfer  charge  (e.g.,  $.10,  or  .2  times  the  basic  fare)  and 
tnrough-r iding  passengers  must  pay  it,  then  the  revenue 
increase  will  be  on  the  order  of  8.4  percent  (e.g.,  7 percent  x 
1.2  times  the  basic  fare)  from  the  routes  which  were  paired, 
it  the  transfer  charge  were  eliminated  for  through-riding 
passengers,  a revenue  loss  would  result. 

Consequences  of  Other  Through-Routing  Options 

Single-route  through-routing  has  basically  the  same 
consequences  as  classic  through-routing,  with  three  important 
exceptions.  First,  because  the  system  is  more  easily 
comprehensible,  there  is  an  increase  in  user  satisfaction  to 
people  who  riae  through  and  have  greater  certainty  that  the  bus 
IS  going  to  their  destination.  This  leads  to  possible 
increases  in  ridership  and  revenue.  Second,  because  the 
frequencies  and  running  times  of  the  two  halves  cannot  be 
varied  independently,  there  is  a decrease' in  operational 
flexibility.  If  riaership  patterns  change,  this  can  have  a 
negative  effect  on  cost  and  efficiency.  Finally,  because  the 
two  halves  are  perceived  as  being  permanently  joined  by  users, 
if  they  are  unlinked  this  can  have  a greater  negative  impact  on 
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user  satisfaction  than  would  a similar  unlinking  in  the  case  of 
classic  through-routing.  This  can  have  a negative  effect  on 
riaership,  revenue,  and  user  attitudes  toward  transit. 

Variable  through-routing  also  has  most  of  the  same 
consequences  as  ordinary  through-routing.  It  yields  more 
scneaule  flexibility  and  operating  cost  savings  than  ordinary 
through-routing,  but  at  the  cost  of  making  it  harder  to 
maintain  constant  headway  on  routes.  In  general,  user 
satisfaction  for  those  trips  which  must  take  place  at  specific 
times,  such  as  work  trips  or  school  trips,  will  not  be 
atfectea,  because  these  people  cannot  wait  for  a particular 
through-routed  run.  However,  user  satisfaction  is  generally 
increased  tor  those  people  who  do  not  have  to  travel  at  a 
specific  time,  such  as  the  elderly  and  to  some  degree, 
shoppers.  Indeed,  on  at  least  one  property  (Everett, 
Vyasnington)  even  though  variable  through-routing  is  not 
publicized  in  the  schedules,  elderly  riders  often  call  to  ask 
when  two  particular  routes  will  be  through-routed  so  they  do 
not  nave  to  transfer.  In  general,  therefore,  ridership  may  be 
increasea  somewhat  through  use  of  variable  through-routing. 

Trippers  usually  increase  costs,  since  more  buses  and  more 
laoor  are  being  utilized.  User  satisfaction  will  increase  due 
to  the  elimination  of  transfers.  Other  riders  and  merchants  at 
transfer  points  may  also  experience  an  increase  in 
satisfaction,  particularly  if  the  tripper  is  run  to  accommodate 
suaaen  surges  in  demand  (e.g.,  by  rowdy  school  children). 
Kidership  and  revenue  may  increase  from  work  trips,  but  not 
from  school  children,  who  tend  to  be  captive  riders. 

Overlap  has  several  consequences  which  are  distinctly 
Qifferent  from  those  of  classic  through-routing.  As  stated  in 
the  previous  section,  overlap  is  a through-routing  substitute 
for  passengers  with  destinations  in  a spread  out  or  large  CBD. 
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Baltimore/  for  instance,  studied  through-riders  on  a particular 
line  ana  discoverea  that  overlap  took  care  of  most  of  them. 
Overlap  also  increases  operational  flexibility,  and  allows 
aajustment  of  running  times  over  the  day  and  increases  in  the 
overall  frequency  of  buses  in  the  CBD.  On  the  other  hand, 
overlap  increases  costs  by  adding  VMT  and  VHT.  Moving  from 
rnrough-routing  to  overlap  on  one  major  line  in  Baltimore 
increasea  tne  number  of  buses  required  by  five. 

Overlap  also  increases  the  satisfaction  of  people 
traveling  out  not  transferring  in  the  CBD  by  increasing  overall 
frequency  of  buses  as  well  as  CBD  coverage.  The  ridership 
impacts  of  overlap  follow  from  the  user  satisfaction  effects, 
however,  tne  increase  in  riaership  due  to  higher  frequency  may 
Qominate  the  transfer  effect. 

Kail  Transfers 

Costs 

Route  consolidation  at  bus/rail  transfer  points  can  have  a 
strong  oeneficial  effect  on  cost,  since  bus  miles  and  hours  are 
reaucea,  almost  by  definition.  Moreover,  since  the  miles 
eliminated  are  likely  to  be  in  the  most  congested  areas,  the 
cost  savings  are  increased.  Turnaround  mileage,  though  not 
eliminated  (in  contrast  to  classic  through-routing),  is  moved 
well  out  of  the  most  congested  areas,  thus  providing  a further 
cut  in  VHT. 

A reasonable  estimate  of  the  order  of  magnitude  of  cost 
savings  can  be  obtained  by  means  of  a simple  example.  Consider 
a bus  route  over  which  a single  bus  runs  on  a half-hour  headway 
from  b:0U  a.m.  to  9:00  p.m.  Suppose  the  bus  is  supplanted  over 
three  miles  of  its  length  by  a rail  line.  If  the  average  speed 
of  the  bus  over  those  three  miles  was  15  m.p.h.,  then 
approximately  12  bus-hours  will  be  saved  per  day,  or 
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approximately  3,600  bus-hours  per  year,  so  long  as  the  bus  and 
oriver  can  be  utilized  elsewhere  during  this  intermittent 
"tree"  time  (e.g.,  using  interlining).  Assuming  an  operating 
cost  of  5>2U  per  bus-hour,  route  consolidation  would  save 
^>72,uU0  on  that  bus  route  alone.  Since  route  consolidation 
typically  affects  a large  number  of  routes,  it  is  clear  that 
this  option  has  considerable  potential  for  cost  savings. 

User  Satisfaction 

user  satisfaction  is  affected  by  route  consolidation  in 
several  ways.  On  the  negative  side  it  requires  a transfer 
wnere  none  existed  before,  and  forces  individuals  who  might 
prefer  at-grade  buses  (such  as  the  elderly)  to  use  rail.  On 
the  positive  side,  bus-to-rail  transfers  are  generally 
perceivea  to  be  less  onerous  than  bus-to-bus  transfers  and 
average  trip  time  may  be  reduced  if  rail  service  is  faster  than 
tne  ous. 

In  an  important  sense,  route  consolidation  must  decrease 
"average"  user  satisfaction  because  in  the  absence  of  bus 
turnbacXs,  the  rider  formerly  had  the  option  of  transferring  at 
the  rail  station.  However,  the  pivotal  factor  in  determining 
whether  user  satisfaction  is  significantly  decreased  is  the 
quality  and  reliability  of  the  rail  line.  In  Philadelphia,  for 
instance,  one  subway  line  carries  110,000  passengers  per  day, 
while  a parallel  bus  line  carries  55,000.  Despite  the  higher 
speed  and  fewer  stops  on  the  rail  line,  many  people  choose  to 
taJce  tne  bus.  The  transit  authority  in  Philadelphia  (SEPTA)  is 
unable  to  eliminate  parallel  service  and  save  money  because  of 
this  sentiment.  On  systems  in  other  cities,  such  as 
Washington,  riders  seem  not  to  mind  the  transfer  because  of  the 
comparatively  high  quality  of  rail  service. 
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Kidership  and  Revenue 

It  is  ditticult  to  determine  the  effects  of  route 
consol iaat ion  on  ridership  and  revenue.  If  the  alternatives 
are  parallel  bus  and  rail  lines,  route  consolidation  can  only 
lose  passengers  who  would  take  the  bus,  but  not  bus  and  rail 
(with  a transfer) . Given  the  lower  disutility  of  bus/rail 
transfers  in  comparison  with  bus/bus  transfers,  and  the  fact 
that  some  properties  which  terminate  bus  routes  at  rail 
stations  have  nigh  "forced"  bus-to-rail  transfer  rates  (e.g., 
between  70  and  SO  percent  at  some  stations),  it  does  not  appear 
that  route  consolidation  discourages  much  ridership.  However, 
tne  tact  that  certain  market  segments  (e.g.,  elderly, 
handicapped,  and  shoppers) , may  be  disproportionately  burdened 
by  tne  vertical  distance  involved  in  forced  bus/rail  transfers 
maxes  it  difficult  to  generalize  on  such  estimates. 

6.5  Synthesis 

Bus  through-routing  can  be  used  for  two  distinctly 
differem:  primary  reasons  --  reducing  operational  costs  or 
increasing  user  satisfaction.  Criteria  have  therefore  been 
developed  which  correspond  to  each  of  these  major  motivating 
factors.  The  criteria  focus  on  settings  where  various 
tnrough-routing  strategies  should  be  considered,  though  they 
obviously  cannot  cover  all  site-specific  factors  which  may 
influence  an  operator's  final  decision.  Criteria  for 
implementing  route  consolidation  on  rail  properties  have  also 
been  developed. 

Criteria  for  Bus  Through-Routing 

Bus  through-routing  can  have  a significant  impact  on  both 
operating  costs  ano  ridership.  The  major  cost  savings  from 
through-routing  are  due  to  the  elimination  of  turnaround  time 
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ana  distance.  These  savings  will  be  greatest  in  areas  where 
there  is  significant  congestion  and/or  the  pattern  of  streets 
requires  lengthy  turnarounds.  The  savings  will  be  smallest  in 
cities  wnere  buses  have  to  turn  around  anyway,  either  because 
all  buses  travel  on  a one-way  street  (e.g.,  Lafayette, 

Inaiana) , or  where  the  CBD  is  at  the  edge  of  the  service  area 
(e.g.,  Jacksonville,  Florida).  Thus,  substantial  cost  savings 
are  most  likely  to  accrue  in  cities  with  a congested  CBD  in 
wnich  routes  enter  from  more  than  one  direction. 

Ine  major  potential  cost  disadvantage  from  through-routing 
IS  associatea  with  the  need  to  match  headways.  This  is  most 
important  on  properties  where  political  or  demand  constraints 
rule  out  reaucing  the  frequency  of  service.  It  should  be  noted 
that  properties  which  use  uniform  clockface  scheduling  or  timed 
transfers  will  already  have  matched  headways,  so 
tnrough-rou ting  will  have  little  negative  cost  impact. 

One  major  operational  advantage  of  through-routing  is  that 
It  aiminisnes  the  constraints  on  "logical"  scheduling.  On  some 
properties,  routes  may  have  "natural"  lengths  (due  to  the 
structure  of  the  service  area  or  population  location)  and 
"natural"  headways  (due  to  aemand)  such  that  the  running  time 
(with  layovers)  is  not  evenly  divisible  by  the  headway,. 
Tnrough-rou ting  can  provide  a solution  to  this  problem  by 
comoining  routes  to  make  total  running  times  divisible  by  the 
logical  heaaways  ana  increase  productivity  and  efficiency  by 
elimination  of  unproductive  runs  or  layovers.  This  use  of 
through-routing  is  most  applicable  when  properties  are 
constrainea  by  service  area  boundaries,  or  when  operators  seek 
to  maintain  clockface  or  pulse  scheduling. 

A second  operational  advantage  of  through-routing  is  the 
gain  in  reliability  which  occurs  when  all  original  mid-point 
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layovers  are  retained  in  the  schedule  and  used  to 
"cross-subsiaize"  schedule  adherence  between  routes.  This  is 
most  liKely  to  occur  when  the  connected  routes  traverse  areas 
wnich  are  physically  separate  and  have  different 
cnaracteris t ics  (e.g.,  land  use),  so  that  a single  perturbation 
(e.g.,  traffic  congestion)  does  not  cause  both  routes 
simultaneously  to  require  additional  layover  time. 

Through-routing  also  has  some  operational  disadvantages, 
ocneauling  is  somewhat  more  difficult  with  through-routing 
(although  it  should  be  noted  that  several  versions  of  RUCUS 
naturally  yield  extensive  interlining).  The  service  area 
affected  by  schedule  unreliability  can  increase  if  not  enough 
layover  time  is  available  on  the  two  routes,  since  one  route 
which  IS  consistently  late  can  cause  the  other  to  be  late  as 
well.  This  problem  must  be  carefully  considered  if  there  are 
ractors  such  as  at-grade  rail  crossings  or  extreme  traffic 
congestion  which  cause  one  route  to  be  particularly 
unreliable. 

It  is  important  to  note  that  the  different  variants  of 
tnrough-routing  outlinea  before  have  different  types  of  impacts 
on  operations  and  cost.  Single-route  through-routing  does  not 
nave  much  flexibility  for  adjusting  route  pairs.  Variable 
through-routing  is  difficult  to  schedule.  Trippers  need  less 
matching  of  headways,  but  cost  more  if  level  of  service  is  to 
be  maintained.  Overlap  is  significantly  more  costly,  but  may 
nave  important  operational  advantages  in  cities  with  large 
CBDs  . 


It  is  also  important  to  point  out  that  through-routing  for 
either  operational  or  cost  reasons  need  not  be  restricted  to 
the  CBC.  Operators  may  through-route  lines  which  coterminate 
at  their  outer  ends,  particularly  in  a grid  or  parallel  service 
network  where  outer  route  termini  are  not  widely  separated. 
Also,  cities  with  rail  service  and  transfer  points  at  the  rail 
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due  to  the 
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stations  may  through-route  for  cost  reasons, 
cenaency  for  rail  stations  to  be  situated  in 
relatively  intensive  surrounding  land  use. 

It  cannot  be  emphasized  too  strongly  that  the  operational 
ana  cost  consequences  of  through-routing  are  heavily  dependent 
on  the  street  layout  and  other  conditions.  For  instance,  on 
some  properties  the  aominant  reason  for  implementing  through- 
routing  might  oe  the  elimination  of  dangerous  left  turns.  On 
other  properties  the  relevant  operational/cost  considerations 
mignt  De  equally  site-specific. 

The  secona  principal  motivation  for  through-routing 
involves  user  satisfaction  and  ridership  goals.  The  major 
erfect  of  through-routing  on  user  satisfaction  comes  from  the 
elimination  of  transfers  between  two  routes,  and  thus  the 
elimination  of  waiting  and  walking  time  between  buses.  This 
tenas  to  inaicare  the  type  of  groups  and  situations  which  would 
oenefit  most  from  through-routing.  Properties  with  strong  and 
aeiinite  flows  to  outlying  shopping  malls,  for  instance,  may 
want  to  interline  the  mall  route  with  a route  running  through  a 
oensely  populated  residential  area  (classic  through-routing). 
The  groups  tenaing  to  benefit  from  this  would  be  shoppers  and 
elaerly,  the  groups  which  are  most  burdened  by  the  movement 
associatea  with  transferring. 

Properties  with  periodic  peak  flows  to  particular  points, 
on  the  other  hand,  might  profitably  run  trippers.  Also,  if 
there  is  a relatively  dispersed  flow  of  passengers,  variable 
through-routing  is  a possible  option.  This  will  principally 
benefit  the  elderly,  or  others  who  can  afford  to  wait  until  a 
particular  time  of  day  for  service.  Properties  which  have  a 
large  amount  of  transferring  to  reach  destinations  within  the 
CbD  may  consiaer  overlap. 

The  principal  negative  impact  on  user  satisfaction 
associatea  with  through-routing  comes  from  the  increased 
complexity  of  the  system.  The  satisfaction  of  transferees 
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cannot  decrease  with  through-routing  but  any  increase  can  be 
lessened  by  the  difficulty  of  understanding  the  through-routing 
system.  Single-route  through-routing  is  the  simplest  to 
understand.  Complexity  increases  from  single-route 
tnrough-rout ing  to  overlap,  to  classic  through-routing,  to 
trippers,  up  to  variable  through-routing.  Informational 
devices  sucn  as  signs  on  bus  and  notes  on  schedules  increase 
potential  utilization  and  user  satisfaction.  However, 
publicizing  through-routes  does  lead  to  the  possibility  of  user 
dissatisfaction  ano  public  relations  difficulties  if  the 
through-routing  pairs  are  subsequently  changed. 

Rioership  will  usually  increase  if  through-routed  pairs 
connect  logical  destinations  and  origins,  and  if  the  public  is 
aware  of  the  connection.  The  increase  in  ridership  depends 
entirely  on  site-specific  factors,  and  may  be  as  much  as  7 
percent  on  the  paired  lines. 

It  is  possible  for  ridership  not  to  increase  with 
through-routing , especially  if  the  through-routed  pairs  are  not 
publicized,  and  logical  origins  and  destinations  are  not 
connected.  This  tends  to  occur  when  through-routing  is  done 
for  operational  rather  than  ridership  reasons.  However,  there 
are  almost  always  some  through-r ioers  on  any  pair  of  lines.  If 
tnrougn-routed  pairs  are  changed,  ridership  will  usually  go 
down,  at  least  in  the  short  run.  Properties  which 
through-route  for  operational  reasons  may  wish  to  maintain 
particular  through-route  pairs  if  they  have  attracted 
significant  numbers  of  through-riders. 

There  is  no  reason  to  expect  that  op'erations/cost  and  user 
satisf action/r idership  criteria  will  necessarily  lead  to 
selection  of  different  through-routing  strategies  in  every 
setting.  However,  it  is  clear  that  the  basic  motivating  factor 
plays  a dominant  role  in  the  selection  of  through-routing 
policies,  and  the  consequences  which  result. 
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Criteria  for  Route  Consolidation 

The  tradeoffs  involved  in  route  consolidation  are 
significantly  simpler  than  those  described  above  for  through 
routing.  The  Decision  to  implement  route  consolidation 
necessarily  weigns  the  cost  of  providing  parallel  service 
against  the  possible  decrease  in  user  satisfaction  caused  by 
forcing  people  to  transfer  and  by  eliminating  local  service 
oetween  rail  stops.  In  some  situations,  this  tradeoff  may  not 
De  important  because  route  consolidation  is  the  dominant 
option.  This  will  occur  where  the  CBD  and  the  corridor  leading 
into  CbD  are  so  congested  that  bus  speeds  are  significantly 
lower  tnan  rail  or  where  rail  trips  are  sufficiently  long  that 
even  small  aavantages  in  operating  speeds  are  translated  into 
major  time  savings.  In  either  of  these  two  cases,  a low 
frequency,  low  cost  local  route  could  be  retained  to  service 
i^assengers  traveling  for  short  distances  between  rail 
stations . 

Operating  a competitive  parallel  bus  service  becomes  a 
reasonable  alternative  if  the  rail  line  has  a low  enough 
frequency  that  lengthy  transfer  times  are  possible  when 
transferring  from  bus  to  rail,  if  the  rail  line  is  unreliable, 
unattractive,  or  short  in  length.  Under  these  conditions, 
route  consolidation  may  significantly  lower  user  satisfaction 
while  reaucing  costs.  Of  course,  it  may  be  possible  to  apply 
the  money  saveo  by  route  consolidation  to  upgrading  service  in 
other  parts  of  the  system.  This  may  raise  the  overall  level  of 
satisfaction  enough  to  compensate  for  the  drop  in  user 
satisfaction  of  passengers  forced  to  transfer  between  bus  and 
rail.  However,  this  must  be  determined  on  a site-by-site 
basis . 

This  section  has  shown  that  through-routing  and  route 
consoliaation  are  transfer  policy  options  which  can  be  applied 
in  numerous  settings.  However,  the  attitudes  and  motivations 
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of  the  service  proviaer,  as  well  as  numerous  site-specific 
conditions  ana  factors,  make  selection  of  the  best 
com igurat ion  of  through-routing  or  route  consolidation  in  any 
particular  setting  a tasK  to  be  undertaken  with  considerable 
care . 
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Chapter  7 

SCHEDULE  COORDINATION 
7.1  Introduction 

Vvait  time  is  one  of  the  more  important  transfer 
ievel-ot-service  attributes.  To  the  average  traveler, 
out-of-vehicle  time  is  typically  perceived  to  be  two  to  three 
times  as  onerous  as  in-vehicle  time.  Therefore,  the  time  spent 
waiting  for  a connecting  vehicle  will  have  a large  effect  on 
user  satisfaction,  and  hence  on  the  ridership  attracted. 

There  are  three  situations  involving  the  tim.ing  of  the 
transferring  (first)  vehicle's  arrival  and  the  arrival  of  the 
connecting  vehicle  which  are  important  from  the  viewpoint  of 
the  transfer  policy  component  of  schedule  coordination.  In  the 
first  case  the  connecting  vehicle  is  scheduled  to  be  at  the 
transfer  point  just  before  the  transferring  vehicle.  This 
woula  generally  cause  passengers  transferring  to  the  connecting 
vehicle  to  have  an  average  transfer  wait  just  under  the  full 
headway  of  the  connecting  vehicle.  In  the  second  case  the 
connecting  vehicle  is  scheduled  to  be  at  the  transfer  point 
simultaneously  with  the  transferring  vehicle.  Depending  on  the 
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amount  ot  layover  time  (if  any)  and  the  degree  of  schedule 
aaherence  on  tne  two  routes,  this  can  lead  to  a wait  time  for 
the  passenger  transferring  to  tne  connecting  vehicle  of  from 
zero  rime  up  to  the  full  headway  of  the  connecting  vehicle. 

Tne  third  important  case  is  when  the  connecting  vehicle  is 
scheduled  to  be  at  the  transfer  point  just  after  the 
transferring  vehicle.  The  average  wait  time  for  a passenger 
transferring  to  the  connecting  vehicle  would  then  be  very  low. 

It  is  clear  that  a passenger  transferring  to  the 
connecting  vehicle  would  prefer  the  second  possibility  to  the 
first,  ana  the  third  possibility  to  the  second.  On  the  other 
hand,  a passenger  transferring  in  the  other  direction  will  have 
exactly  the  reverse  order  of  preferences.  For  both  groups  the 
change  in  transfer  level  of  service  is  induced  wholly  by  a 
change  in  schedules. 

Scheaule  coordination,  as  a transfer  policy  component,  is 
aefined  as  an  adjustment  of  schedules  on  routes  to  change  their 
relative  times  of  arrival.  It  must  be  noted  that  timed 
transfers  is  a particular  case  of  schedule  coordination  (see 
Chapter  9).  Timea  transfers  focus  on  the  case  in  which 
vehicles  are  scheduled  to  arrive  at  the  same  time,  with 
aaaitional  measures  taken  to  guarantee  that  the  vehicles  will 
actually  be  at  the  transfer  point  simultaneously.  Therefore 
timed  transfers,  in  contrast  to  simple  schedule  coordination, 
benefit  passengers  transferring  in  both  directions.  Used 
alone,  scneaule  cooraination  will  generally  benefit  passengers 
transferring  in  one  direction  more  than  passengers  transferring 
in  the  other,  unless  schedule  reliability  is  so  high  that 
simply  scheauling  vehicles  to  be  at  the  same  place  at  the  same 
time  is  sufficient  to  ensure  that  they  will  be  there.  This  is 
rarely  the  case  unless  special  measures  (such  as  adding 
layovers)  nave  been  taken.  This  option  is  discussed  under  the 
heaaing  of  timed  transfers. 
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This  chapter  covers  the  practice  and  consequences  of 
scheauie  coordination  only.  Section  7.2  examines  the  types  of 
schedule  coordination  for  bus/bus  transfers.  Section  7.3  is 
concerned  with  schedule  coordination  of  rail/rail  and  bus/rail 
transfers,  while  Section  7.4  considers  the  consequences  of 
scneoule  coordination,  and  Section  7.5  provides  a synthesis  of 
the  results  presented  in  the  previous  section.  Situations 
where  different  types  of  schedule  coordination  are  appropriate 
are  discussed  in  this  section. 


7.2  Current  Practice  --  Bus 


Bus  schedule  coordination  generally  takes  one  of  three 
forms:  large-scale  adjustment  of  schedules  in  the  CBD  during 

peax  hours,  trunk-cross town  coordination,  and  minor  schedule 
adjustments  on  connecting  routes.  Each  form  requires  different 
operator  actions,  and  is  appropriate  in  different  situations. 
Figure  7-1  snows  examples  of  properties  which  use  each  of 
these . 


Large-scale  peak-hour  CBD  schedule  coordination  is  used 
when  there  is  a strong  directional  flow  of  transfers  through 
tne  CBl.  This  tends  to  occur  in  small-  to  medium-sized  cities 
where  trip  patterns  may  be  strongly  influenced  by  particular 
demand  generators  or  geographic/demographic  groups.  For 
instance,  one  common  situation  is  the  travel  of  low-income 
domestics  to  work  in  outlying  residential  areas.  These  riders 
often  nave  to  transfer  in  the  CBD,  and  the  route-pairs  involved 
typically  generate  little  transferring  in  the  opposite 
direction.  The  flow  of  transfers  would  be  in  one  direction 
during  the  morning  peak,  and  in  the  opposite  direction  during 
the  afternoon  peak. 

Vvhile  the  amount  of  CBD  schedule  coordination  varies  from 
property  to  property,  a major  criterion  for  choosing  which 
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Figure  7-1 

EXAMPLES  OF  PROPERTIES  USING 
SCHEDULE  COORDINATION  STRATEGIES 
FOR  BUS/BUS  TRANSFERS 


Strategy 


Property 


CBD  schedule  coordination 


Knoxvi I le 
W i nston-Sa lem 
Greenf i e I d 


T ru  nk-crosstown 

schedule  coordination 


To  I edo 
Fresno 


Minor  schedule  coordination 


Pi ttsburgh 
Portland,  ME 
Boston 


Source:  Operator  interviews. 
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particular  routes  to  pair  is  the  volume  of  transfers  (though 
tnere  may  not  be  a single  threshold  of  transferring  volume  at 
which  scheaule  coordination  becomes  viable) . Properties  also 
snare  a tendency  to  pair  routes  which  have  relatively  low 
irequencies  (generally  headways  of  30  minutes  or  more),  since 
expectea  transfer  time  increases  with  connecting  route  headway 
wnen  service  is  uncoordinated. 

Typically,  one  bus  is  scheduled  to  arrive  approximately 
rive  minutes  before  the  other  in  the  morning,  with  the  order 
reversed  in  the  afternoon.  If  the  buses  terminate  in  the  same 
i^lace  and  have  reasonable  schedule  adherence,  an  "advance"  of 
five  minutes  seems  to  guarantee  that  the  passengers  from  the 
first  bus  will  be  able  to  catch  the  second.  Advances  of  up  to 
lU  minutes  are  not  uncommon  for  routes  with  longer  headways 
(e.g.,  60  minutes).  Poor  schedule  adherence  may  also  require 
added  margins. 

The  headways  of  the  two  coordinated  routes  do  not 
necessarily  have  to  be  equal,  if  all  runs  of  the  first  route 
need  not  be  followed  by  a bus  from  the  other  route.  However, 
tne  peak  periods  are  crucial  for  schedule  coordination,  since 
strong  directional  flows  occur  most  frequently  at  these  times. 
Since  headways  are  most  often  short  during  peak  periods, 
particularly  in  the  CBD,  a low  level  of  effort  may  be  required 
to  implement  CBD  schedule  coordination  on  most  runs  for  a given 
route  pair. 

The  second  type  of  schedule  coordination, 

" trunk-cross town"  coordination,  involves  transfers  between 
trunk  lines  and  crosstowns  instead  of  transfers  within  the  CBD. 
Trunk-crosstown  coordination  is  typically  found  on  larger 
properties  than  large-scale  CBD  schedule  coordination,  since 
only  larger  properties  have  crosstowns,  and  thus  the 
opportunity  to  transfer  outside  the  CBD. 
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Trunk-crosstown  coordination  is  t^'pically  not  as  important 
in  the  morning  peak  as  the  first  type  of  coordination  because, 
as  a rule,  the  frequency  on  large  city  trunk  lines  is 
significantly  nigher  than  on  crosstowns.  Passengers 
transferring  from  the  crosstown  to  the  trunk  line  will 
generally  not  have  a long  wait,  even  under  the  worst  of 
circumstances.  Thus,  the  important  direction  to  coordinate  is 
the  evening  peak,  when  transferring  occurs  from  the  trunk  line 
to  the  crosstown.  Unlike  CBD  schedule  coordination, 
trunk-cross  town  coordination  aoes  not  require  a strong 
oirectionality  of  flow,  since  transfers  in  the  other  direction 
experience  a low  transfer  time  anyway. 

Tne  aavance  used  for  trunk-cross town  coordination  may  be 
less  than  the  advance  used  in  CBD  schedule  coordination  because 
of  three  factors.  First,  the  spatial  separation  of  the  routes 
invoivea  is  usually  less  at  the  transfer  points  where  trunk  and 
crosstown  lines  cross  than  in  the  CBD.  Second,  because  the 
volume  of  transfers  may  be  less  than  in  the  CBD,  the  time 
requirea  on  boarding  and  alighting  is  less.  Third,  and  very 
importantly,  because  the  routes  are  close  together  and  buses 
can  often  be  seen  from  one  another  over  considerable  distances, 
the  crosstown  bus  can  be  instructed  to  hold  at  the  transfer 
point  if  the  trunk  line  bus  is  late.  This  third  factor  is 
actually  an  example  of  dynamic  control,  and  will  be  treated  in 
aepth  in  Chapter  8. 

There  is  usually  no  question  of  matching  headways  in 
trunk-crosstown  scheaule  coordination,  since  the  respective 
frequencies  may  aiffer  greatly.  The  need,  therefore,  is  to 
determine  which  runs  of  the  trunk  lines  will  be  coordinated 
with  which  runs  of  the  crosstowns.  Usually  the  trunk  line  and 
crosstown  are  scheduled  independently,  and  then  must  be 
adjusted  so  that  selected  runs  will  meet.  However,  in  some 
instances  runs  have  been  cut  with  coordination  in  mind,  so  that 
little  ^ hoc  adjustment  is  necessary. 
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special  attention  must  be  given  to  the  problem  of  multiple 
transfer  points.  hany  properties  have  crosstowns  which 
intersect  more  than  one  trunk  line,  or  vice  versa,  creating 
several  opportunities  on  the  same  line  to  coordinate  schedules. 
One  example  of  such  multiple  schedule  coordination  is  in  Kansas 
City,  where  che  schedule  of  a single  trunk  line  is  coordinated 
witn  buses  (sometimes  going  in  both  directions)  on  three 
aifferent  crosstowns  in  the  evening;  furthermore,  two  of  the 
three  crosstowns  eventually  meet  the  trunk  line  and  other 
routes  aowntown  in  a line-up.  Unfortunately,  such  scheduling 
virtuosity  is  not  common,  practical,  or  even  always  possible, 
usually  a choice  must  be  made  between  transfer  points,  and  the 
relevant  criterion  is  the  number  of  transfers.  Schedule 
coorainating  the  crosstowns  with  the  largest  headways  is  not 
likely  to  be  as  productive,  since  fewer  passengers  will 
typically  benefit. 

Botn  CBD  and  trunk-crosstown  coordination  entail  similar 
operator  actions  regarding  publicity.  Rarely  is  any  attempt 
made  to  publicize  scnedule  coordination  beyond  the  printing  of 
tne  schedule.  Also,  transfer  points  where  schedule 
coordination  occurs  are  sometimes  not  even  time  points  on  the 
published  scnedules.  The  prevailing  assumption  is  that  riders 
of  these  lines  know  about  the  coordination  without  special 
puDlicity.  The  fact  that  this  information  about  transfer 
level-of-service  improvements  is  not  available  to  nonregular 
riders  of  particular  lines  is  characteristic  of  many  transfer 
components,  and  will  be  discussed  in  detail  in  Chapter  14. 

Tne  third  type  of  schedule  coordination  is  called  "minor" 
scnedule  coordination.  Characteristically,  it  is  implemented 
after  scnedules  nave  been  put  into  effect,  and  some  passengers 
complain  that  they  are  just  missing  their  connection.  A 
typical  case  would  involve  a group  of  workers  coming  off  a 
snift  who  take  the  same  bus,  and  then  have  to  transfer.  The 
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operator  actions  involved  would  be  to  adjust  the  schedule  of 
that  particular  run  on  the  connecting  route  so  that  the  riders 
can  maxe  their  ous. 

Clearly,  minor  schedule  coordination  is  different  from  the 
other  two  types.  It  is  directed  toward  a particular  pair  of 
buses,  rather  than  between  two  routes  as  a whole.  As  such,  it 
occurs  on  properties  of  any  size.  The  operator  need  not  worry 
about  matching  headways,  or  publicizing  the  coordination.  As 
Its  name  implies,  minor  schedule  coordination  involves  a very 
low  level  of  operator  effort,  both  in  scheduling  and  in  actual 
operation. 


7.3  Current  Practice  --  Rail 

Schedule  coordination  for  bus/rail  and  rail/rail  transfers 
IS  uncommon  (compared  to  the  number  of  possible  opportunities). 
Several  reasons  have  been  cited  by  operators  for  this  lack  of 
use,  the  most  important  of  which  is  the  fact  that  bus  and  rapid 
rail  lines  typically  operate  at  high  frequencies  for  at  least 
most  of  the  aay.  During  the  day,  headways  in  rail  rapid 
transit  systems  tend  to  be  on  the  order  of  10  minutes  or  less, 
wnile  headways  on  bus  lines  (for  cities  large  enough  to  have 
rail  systems)  tend  to  be  no  higher  than  15  minutes.  These 
neaaways  are  sufficiently  short  that  schedule  coordination 
coula  not  produce  significant  reductions  in  tranfer  time  (see 
Chapter  11).  Also,  in  cases  where  the  distance  (vertical  or 
horizontal)  between  connecting  vehicles  is  long  and/or  variable 
(e.g.,  different  parts  of  the  rail  platform  differ 
significantly  in  their  distance  from  the  bus  stop) , the 
variance  across  passengers  of  transfer  walk  time  may  make  it 
necessary  for  the  "advances"  needed  to  ensure  a timely  transfer 
between  vehicles  for  most  passengers  to  be  longer  than  in  the 
bus/bus  case.  Thus,  the  benefits  which  accrue  through  use  of 
this  option  are  less  in  the  rail  case. 
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in  Hiany  rail  properties,  rail  scheduling  and  bus 
scneauiing  are  aone  in  separate  independent  offices.  This  may 
leaa  zo  bus  operators  optimizing  their  schedules  without  any 
consioeration  of  rail  schedules.  Similarly,  it  is  difficult  to 
institute  scheaule  coordination  when  buses  run  by  one  operating 
authority  try  to  meet  commuter  trains  run  by  another  operating 
authority  (e.g.,  Vvestport  and  Conrail).  In  this  case,  changes 
in  the  commuter  schedule  often  cause  serious  problems  for  bus 
schedules.  Multiple  intersections  among  bus  and  rail  routes, 
and  the  inflexible  nature  of  rail  scheduling  also  make  bus/rail 
and  rail/rail  schedule  coordination  difficult  to  accomplish, 
thougn  they  do  not  rule  it  out  completely. 

bigure  7-2  gives  examples  of  different  types  of  schedule 
coordination  employed  on  rail  properties.  The  most  common  form 
of  schedule  coordination  is  from  rail  rapid  transit  to  bus  at 
outlying  rail  stations  in  tne  evening.  Typically,  there  are 
two  or  three  train  arrivals  to  each  bus  arrival,  so  not  all 
trains  are  met.  For  instance,  the  bus  may  be  on  a 30-minute 
headway  while  the  rail  line  runs  every  10  minutes.  In  general, 
headways  are  not  altered  to  achieve  the  coordination,  and  it  is 
almost  always  the  case  that  the  bus  schedule  rather  than  the 
rail  schedule  will  be  adjusted.  The  bus  is  usually  scheduled 
to  leave  4 to  5 minutes  after  the  train  is  scheduled  to  arrive, 
often  with  some  sort  of  dynamic  control  to  hold  the  bus  if  the 
train  is  late  (see  Chapter  8).  The  operating  authority  does 
not  usually  provide  information  concerning  which  trains  are  met 
by  buses,  or  even  that  schedule  coordination  exists  at  all. 

The  next  most  common  form  of  schedule  coordination  is 
between  buses  and  commuter  trains.  This  occurs  in  both  the 
morning  and  the  evening  peak  hours,  with  the  bus  arriving 
before  the  commuter  train  in  the  morning,  and  after  the  train 
in  the  evening.  The  buses  involved  are  often  "dedicated”  to 
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Fi  gure  7 -2 


lxampll5  of  schedule  coordination  on  rail  properties 


kail-to-bus  Schedule  Coordination  in  Evenings 


San  Francisco 
Philadelphia 
Cl  eveland 
Chicago 


Schedule  Coordination  Between  Commuter  Rail  and  Bus 

During  Peak  Hours 


Westport  (with  Conrail) 
Detroit 


Schedule  Coordination  between  Intersecting  Rail  Lines 


Philadelphia 


150 


tne  commuter  service.  This  is  due  to  the  relatively  low 
trequency  ana  low  reliability  of  commuter  rail  service,  which 
means  tnat  the  buses  cannot  be  late  in  the  morning,  and  they 
must  be  prepared  to  hold  for  late  commuter  trains  in  the 
evening.  Schedule  flexibility  is  essential,  and  having  regular 
DUS  routes  meet  the  trains  may  therefore  not  be  appropriate, 
in  the  morning,  buses  are  typically  scheduled  to  arrive  at 
least  five  minutes  before  the  train.  In  Westport,  for  example. 
It  has  been  found  that  because  commuters  would  rather  be  early 
than  late,  ana  because  they  want  to  buy  newspapers  and  coffee, 
having  buses  come  in  10  minutes  early  is  acceptable.  In  the 
evening,  scheauling  the  buses  to  leave  five  minutes  after  the 
train's  arrival  seems  to  allow  passengers  to  reach  the  bus, 
although  people  are  occasionally  left  behind.  Dynamic  control 
is  almost  always  used,  especically  to  ensure  a meeting,  with 
tne  last  commuter  train. 

A third  form  of  schedule  coordination  is  between  two  rail 
vehicles  on  intersecting  routes  (as  opposed  to  local  and 
express  routes  running  parallel  on  the  same  trackage) . For 
example,  the  two  subway  lines  in  Philadelphia  are  coordinated 
in  the  off-peak  and  evening  to  facilitate  transfers  from  west 
to  south.  This  is  the  prevailing  direction  of  travel,  but 
there  is  a significant  reverse  flow  of  transferring  passengers 
who  must  wait  the  full  headway  of  the  connecting  routes.  A 
light  is  available  on  one  platform  to  tell  the  conductor  when 
the  other  train  has  come  in,  so  that  dynamic  control  can  be 
applied. 
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7.4  Consequences 


bus  Transfers 

CBD  Schedule  Coordination^ 

In  oraer  to  assess  the  consequences  of  schedule 
cooraination,  it  is  necessary  to  specify  both  the  type  of 
cooraination  usea  ana  the  "default"  situation  which  would  occur 
witnout  its  use.  Large-scale  CBD  schedule  coordination  usually 
involves  several  consecutive  runs  on  the  same  line  and  is 
typically  implemented  as  schedules  are  being  drawn  up.  Since 
neaaways  may  De  aajusted  slightly,  there  can  be  some  cost 
consequences,  though  these  are  generally  minor  in  the  context 
of  normal  peak-nour  operations.  A large  gain  in  user 
satisfaction  is  possible  for  people  transferring  in  the  "right" 
airection.  However,  user  satisfaction  of  the  few  passengers 
traveling  in  the  other  direction  may  drop  drastically.  For  any 
i-articular  run  it  is  of  course  possible  for  the  normal 
scheduling  procedures  to  yield  a short  transfer  time  in  one 
uirection  by  coincidence.  Formal  schedule  coordination, 
though,  allows  a larger  group  of  riders  to  benefit  and 
minimizes  tne  chance  of  a long  wait  time. 

Riaership  may  not  increase  greatly  with  the  institution  of 
CBD  scneaule  coordination.  Since  it  is  only  used  in  smaller 
cities  (which  exhibit  a strong  directional  flow  of  riders 
through  tne  CBD) , trips  requiring  transfers  will  tend  to  be 
between  residential  areas  or  to  outlying  employment  centers. 
Since  low-income  captive  riders  may  make  up  a large 

^hote:  Since  the  consequences  of  the  available  strategies 

for  schedule  coordination  are  so  different  in  scope  and 
character,  each  strategy  is  assessed  independently  in  this 
section. 
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t^ropcrtion  o£  such  ridership,  it  is  likely  that  service  quality 
changes  such  as  scheaule  cooraination  will  induce  few  new 
riaers.  On  tne  other  hand,  particular  cities  may  exhibit 
latenr  ciemana  for  traffic  through  the  CBD  from  higher-income 
areas.  Scheaule  coordination  may  be  a way  of  raising  the  level 
of  service  ana  attracting  new  riders  and  revenue  from  this 
marKet.  however,  there  must  be  few  people  riding  in  the 
opposite  Direction  whose  level  of  service  would  be  severely 
aiminishea  by  the  implementation  of  schedule  coordination. 

A hypothetical  example  of  the  effect  of  CBD  schedule 
cooraination  can  be  calculated  using  the  transit  demand 
elasticity  with  respect  to  out-of-vehicle  time  of  -0.7  cited 
previously.  Assuming  30-minute  headways  (and  a 15-minute 
average  transfer  wait  time  in  the  absence  of  schedule 
cooraination) , and  a total  door-to-door  out-of-vehicle  time  of 
3u  minutes,  the  implementation  of  schedule  coordination  will 
nave  tne  effect  of  decreasing  transfer  wait  time  for  passengers 
transferring  in  one  direction  to  5 minutes  (a  33  percent 
reuuction  in  out-of-vehicle  time)  and  increasing  transfer  wait 
time  tor  the  other  direction  to  25  minutes  (a  33  percent 
increase  in  out-of-vehicle  time) . Schedule  coordination  will 
therefore  produce  a 23  percent  increase  in  the  number  of 
passengers  who  transfer  in  the  direction  of  coordination,  and  a 
similar  Decrease  in  tne  number  of  passengers  who  transfer  in 
the  opposite  Direction.  Since  CBD  schedule  coordination  is 
only  implemented  when  the  transfer  flow  is  strongly 
airectional,  there  will  be  a net  gain  in  total  passengers. 

Assuming  a 25  percent  transfer  rate  in  the  direction  of 
cooraination  and  5 percent  transfer  rate  in  the  other 
Direction,  the  above  example  would  predict  an  overall  gain  in 
ridersnip  ana  revenue  on  the  order  of  4.5  percent.  In  some 
cases  this  estimate  will  be  too  high,  because  strongly 
Directional  transfer  flows  may  originate  in  areas  where  much  of 
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tne  population  is  low-income  or  captive,  with  lower  demand 
elasticities.  tiowever,  significant  ridership  and  revenue  gains 
nave  been  realizea  through  use  of  this  option,  and  increases  of 
j or  4 percent  are  reasonable  to  expect. 

Trunk-Crosstown  Coordination 

The  consequences  of  trunk-cross town  coordination  depend 
upon  many  of  the  circumstances  surrounding  its  implementation. 
If  the  scheoules  of  the  trunk  ana  crosstown  routes  are  made  to 
interlocx  completely,  there  will  be  definite,  though  not  major, 
impacts  on  cost  as  a result  of  headway  adjustments.  On  the 
ocher  nand,  if  particular  runs  are  adjusted  after  the  schedules 
are  drawn,  the  cost  consequences  will  be  quite  small,  depending 
on  tne  size  of  adjustment.  It  should  also  be  pointed  out  that 
if  trunx-crosstown  coordination  is  done  at  multiple  transfer 
points  on  the  same  line,  system  schedules  would  normally  be 
aesigneo  with  that  intention,  rather  than  adjusted  on  an  ad  hoc 
oasis . 

User  satisfaction  will  increase  for  those  (outbound) 
riaers  traveling  from  the  trunk  line  to  the  crosstown,  reaching 
a maximum  if  they  know  what  bus  to  take  to  arrive  just  before 
the  crosstown.  More  importantly,  trunk-cross town  has  a low 
aisutility  for  reverse  riders,  due  to  the  typically  high 
rrequency  of  service  on  trunk  lines.  Of  course,  if  the  trunk 
line  frequency  is  not  sufficiently  high  (e.g.,  every  10 
rainutes),  the  directionality  of  flow  from  trunk  to  crosstown 
must  be  more  pronounced  in  order  to  make  schedule  coordination 
worthwhile . 

Ridership  can  be  expected  to  increase  with  trunk-crosstown 
coordination  for  two  reasons.  First,  trunk-crosstown 
coordination  eliminates  the  longest  of  the  transfer  waits 
without  the  transferring  rider  needing  to  know  anything  about 
tlie  schedule.  VJith  very  long  headways,  this  improvement  may  be 
substantial  and  induce  additional  ridership,  since 
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trunx-crosstown  transfer  points  are  usually  more  isolated  and 
i^roviae  less  snelter  than  CBD  transfer  points.  However,  all  of 
the  attractive  powers  of  trunk-cross  town  schedule  coordination 
are  not  used  unless  riders  and  potential  riders  are  made  aware 
of  tne  possibility  of  cutting  down  the  transfer  time  to 
near-zero  by  taking  the  right  bus.  Revenue,  of  course,  will 
follow  rioership.  A rough  estimate  of  the  revenue  and 
ridership  change  attributable  to  trunk-cross town  schedule 
cooraination  would  be  half  of  the  3 to  4 percent  change 
calculatea  in  the  hypothetical  example  for  CBD  schedule 
cooraination.  (The  factor  of  one  half  is  used  because 
trunk-crosstown  schedule  coordination  is  only  applied  in  one 
airection. ) 

hinor  Scheaule  Cooraination 

hinor  scheaule  coordination  has  almost  no  cost 
consequences  at  all,  since  it  typically  involves  only  slight 
scheaule  adjustments  of  a particular  run  in  response  to  user 
complaints.  The  increase  of  user  satisfaction  for  the  riders 
who  previously  were  just  missing  their  bus  is  liable  to  be 
suDstantial,  especially  where  there  are  long  headways  on  the 
connecting  bus.  However,  because  the  increase  in  user 
satisfaction  is  restricted  to  a particular  run,  there  is  not 
necessarily  any  significant  direct  gain  in  ridership  or 
revenue.  Nevertheless,  this  type  of  response  of  the  service 
provider  to  user  complaints  may  be  a particularly  valuable  type 
Of  marketing  tool  to  produce  longer-run  changes  in  consumer 
attitudes  and  ridership  (see  Chapter  15). 

Rail  Transfers 

Rail-to-Bus  Schedule  Coordination 

The  consequences  of  rail-to-bus  schedule  coordination  are 
very  much  like  those  of  trunk-crosstown  bus  schedule 
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coorainat ion.  If  headway  changes  are  not  made,  the  operating 
cost  of  the  scheaule  aajustments  needed  to  implement 
rail-to-ous  schedule  coordination  will  be  quite  small.  On  the 
orner  hand,  the  administrative  cost  and  effort  may  be  greater 
than  in  the  case  of  bus  schedule  coordination  because  the  bus 
scneoule  maKer  may  not  normally  work  with  the  rail  schedule 
maker. 


User  satisfaction,  ridership,  and  revenue  will  increase 
with  rail-to-bus  schedule  coordination  for  the  same  reasons 
which  apply  to  trunk-crosstown  scnedule  coordination  (see 
above) . Tne  exact  magnitude  of  such  increases  cannot  be 
calculated,  but  a 2 to  3 percent  increase  in  ridership  during 
the  period  when  the  coordination  is  in  effect  would  not  be 
unreasonable  to  expect.  This  estimate  is  consistent  with  the 
opinions  of  several  rail  operators. 


Schedule  Coordination  between  Commuter  Rail  and  Bus 
Tne  costs  (both  operating  and  administrative)  of  providing 
commuter  rail/bus  schedule  coordination  are  greater  than  the 
costs  of  rail-to-bus  coordination.  Administratively,  the  bus 
schedule  makers  must  be  responsive  to  rail  schedules  which  are 
often  created  by  a completely  different  operating  authority, 
moreover,  the  buses  must  meet  particular  trains.  In  terms  of 
operating  cost,  commuter  rail/bus  coordination  seems  to  require 
DUS  runs  which  are  devoted  to  meeting  the  commuter  rail  in 
order  to  guarantee  connections.  This  generally  means  adding 
more  service,  which  adds  more  cost.  However,  commuter  train 
arrivals  and  departures  in  outlying  towns  may  fall  outside  of 
the  peak  hour  for  trips  within  the  town.  Hence,  providing  bus 
connections  ooes  not  necessarily  increase  the  peak  number  of 
buses  needed  and,  depending  on  the  labor  contract,  provisions, 
etc. , may  not  cost  as  much  as  adding  peak-hour  service. 
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The  satisfaction  of  feeder  bus  users  should  increase 
significantly  with  schedule  coordination.  However,  the 
iiiagnituae  of  riaership  and  revenue  increases  attributable  to 
scheuule  cooraination  is  uncertain.  For  example,  in  V^estport, 
out  of  2,4U0  commuters  that  board  Conrail  trains,  buses  carry 
aoout  40U  to  5U0  inbound  in  the  morning,  and  500  to  600 
outbouna  in  the  evening.  This  imbalance  is  at  least  partly 
causea  Dy  commuters  having  a disproportionate  preference  for 
hign-St^eea  access  in  the  morning  (New  York  is  a considerable 
aistance  away  ana  personal  schedules  are  often  tight) , and 
finaing  the  dus  easier  than  having  someone  pick  them  up  in  the 
evening.  The  known  presence  of  factors  such  as  these  in  the 
moaal  selection  process  makes  it  difficult  to  reliably 
attribute  riaership  changes  to  bus/commuter  rail  schedule 
cooroination  on  the  basis  of  current  data. 

Scheaule  Cooraination  between  Intersecting  Rail  Lines 

Tne  cost  consequences  of  rail/rail  schedule  coordination 
appear  to  be  small,  since  at  least  rapid  rail  typically  runs 
relatively  frequently,  even  during  the  off-peak  and  evening 
perioas  wnen  this  option  is  most  productive.  User  satisfaction 
tor  riaers  traveling  in  the  direction  of  coordination  will  go 
up,  but  once  again,  if  rail/rail  transfers  are  not  onerous  due 
to  the  short  headways,  the  increase  will  not  be  large, 
bimilarly,  the  user  satisfaction  of  riders  traveling  against 
the  airection  of  coordination  will  go  down  as  average  wait  time 
goes  up,  but  this  change  may  also  not  be  important.  Ridership 
and  revenue  can  be  expected  to  be  affected,  but  unless 
conoitions  in  tne  rail  station  are  such  that  transfer  wait  time 
is  truly  onerous,  the  drop  in  average  wait  time  from,  say,  7 to 
4 minutes  will  not  attract  many  new  riders. 
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7.5  Synthesis 


If  transfers  are  strongly  directional  between  two  lines  at 
any  time  of  the  aay,  and  if  a reasonable  degree  of  schedule 
reliability  exists,  scheaule  coordination  may  be  very 
^roGUCtive  for  the  operator  to  undertake.  It  typically  costs 
little  ana  demands  almost  no  real-time  operator  attention. 
Because  user  satisfaction  for  the  (assumed)  large  proportion  of 
people  transferring  in  the  correct  direction  is  increased  as 
cneir  average  transfer  time  is  decreased,  ridership  will  be 
inaucea  in  most  cases.  Schedule  coordination  therefore  may  be 
a very  cost-effective  way  to  improve  service. 

however,  there  are  definite  limitations  on  when  most  types 
of  schedule  coordination  can  be  applied.  The  major  restriction 
is  the  neea  for  strong  directionality  of  transfers.  People 
transferring  in  the  "wrong"  direction  will  generally  have  a 
transfer  wait  equal  to  the  entire  headway  (minus  the  advance) 
of  their  connecting  bus;  from  the  point  of  view  of  ridership, 
equity,  ana  public  relations,  this  may  be  unacceptable  if  a 
sizaole  number  of  people  are  affected. 

The  result  is  that  schedule  coordination  is  inapplicable 
in  many  situations.  For  instance,  it  is  largely  inappropriate 
for  daytime  off-peak  usage,  since  off-peak  traffic  is  not 
nearly  so  strongly  directional.  More  important,  it  cannot  be 
used  in  the  CBb  unless  there  is  a skewed  distribution  of 
origins  ana  destinations.  Since  this  is  a condition  which  is 
much  more  likely  to  occur  in  small  cities  than  large  ones,  city 
size  is  a aeterminant  of  the  applicability  of  schedule 
cooraination. 

Each  of  the  three  types  of  bus  schedule  coordination  and 
three  types  of  rail  schedule  coordination  has  its  own  areas  of 
applicability.  CBD  bus  schedule  coordination  can  profitably  be 
used  in  cases  where  a definite  peak  directional  flow  of 
passengers  from  one  area  of  a city  to  another  passes  through 
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tne  lBD.  In  such  cases,  CBD  schedule  coordination  can  improve 
the  level  ot  service  without  significantly  increasing  costs. 

Trunk-crosstown  bus  coordination  may  be  more  widely 
applicable  than  large-scale  CLD  coordination,  since  its  effects 
are  less  sensitive  to  the  directionality  of  the  transfer  flow. 
The  typically  high  frequency  of  the  trunk  line  has  already  been 
mentioned  as  a mitigating  factor.  Furthermore,  the  fact  that 
there  are  generally  two  crosstown  buses  on  each  route  (one  in 
each  airection)  which  intersect  the  trunk  line  increases  the 
operator's  flexibility  to  "tailor"  the  coordination  to  actual 
transfer  flow  patterns.  (Note,  however,  that  this  may  produce 
secono-order  run-cutting  problems  on  the  crosstown  route. ) 

Trunk-crosstown  bus  schedule  coordination  is  therefore  not 
restricted  to  highly  directional  situations.  It  does  seem  most 
useful  when  the  crosstown  has  a long  headway,  so  that  excessive 
transfer  wait  times  for  people  transferring  from  the  trunk  to 
the  crosstown  are  eliminated.  However,  trunk-cross town 
schedule  coordination  may  be  difficult  to  implement  on  a 
complex  system,  since  adjustments  of  schedules  at  one  transfer 
point  may  cause  people  riding  the  bus  to  miss  their  connection 
at  another.  A possible  solution  to  this  problem  is  to  approach 
scheduling  from  more  of  a network  perspective,  altering 
Headways  and  layovers  to  facilitate  more  widespread  use  of 
scheoule  coordination. 

minor  bus  schedule  coordination  can  be  implemented  on 
virtually  any  property  at  any  time  of  the  day.  The  easiest  and 
most  common  procedure  for  determining  where  to  make  such 
adjustments  is  to  simply  respond  to  complaints.  This  method 
generally  uncovers  the  worst  trouble  spots,  though  it  may  miss 
cases  which  are  so  bad  that  no  one  rides  (and  hence  no  one 
complains),  or  where  infrequent  users,  who  have  a low  level  of 
awareness  of  or  interest  in  system  operations,  make  up  the  bulk 
of  transferees.  Surveys  or  interviews  of  some  sort  may 
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tneretore  be  needed  to  supplement  the  user-complaint  approach 
typically  employed. 

Rail-to-bus  schedule  coordination  is  appropriate  in  the 
evening  at  outlying  transfer  points,  where  the  frequency  on  the 
connecting  bus  line  is  relatively  low  and  the  rail  lines 
operate  with  reliable  schedules.  Commuter  rail/bus 
cooraination  can  be  used  profitably  in  many  suburban 
communities  when  there  is  sufficient  demand  for  transit  to  the 
trains  to  warrant  separate  bus  service.  The  third  type  of  rail 
scheoule  cooraination,  rail/rail  coordination,  can  be  applied 
at  transfer  points  where  the  transfer  flow  is  at  least  somewhat 
oirectional  and  the  rail  lines  are  not  widely  separated 
spatially . 

In  summary,  schedule  coordination  may  be  a very 
cost-effective  course  of  action,  especially  in  situations  where 
transfers  are  highly  directional.  Schedule  coordination  may  be 
applied  either  systematically  at  major  transfer  points,  or  in 
response  to  isolated  passenger  complaints.  Schedule 
cooraination  also  is  an  important  element  of  timed  transfers,  a 
transfer  policy  component  whose  consequences  can  be  far 
reaching.  Schedule  coordination  is  thus  an  important  transfer 
policy  component. 
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Chapter  8 
DYNAMIC  CONTROL 

8.1  Introduction 

A vehicle  can  be  held  beyond  its  scheduled  departure  time 
trom  a transfer  point  if  it  is  known  that  a vehicle  on  another 
route  which  is  likely  to  have  transferring  customers  on  board 
is  approaching.  Such  information  can  be  conveyed  by  radio  or 
oy  some  other  signaling  device  (e.g.,  blinking  lights). 

Because  real-time  moaification  of  operations  are  required,  the 
transfer  policy  component  corresponding  to  these  actions  will 
he  referred  to  as  dynamic  control. 

Dynamic  control,  as  a transfer  policy  component,  can  be 
aistinguished  trom  scnedule  adjustments  (such  as  schedule 
coordination)  by  its  contingent  nature.  Dynamic  control  does 
not  involve  the  a priori  changes  in  schedules  of  schedule 
coordination.  Instead,  the  utilization  of  dynamic  control 
depends  on  two  factors.  First,  there  must  be  people  who  want 
to  transfer  from  one  particular  vehicle  to  another  (although 
this  element  may  be  assumed  in  the  case  of  transfers  from  rail 
vehicles) . Second,  the  vehicles  must  arrive  at  the  transfer 
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point  within  a snort  enough  interval  that  holding  the  first 
arriving  vehicle  (which  is  receiving  the  transferees)  does  not 
unouly  perturb  the  rest  of  the  system. 

xneoret ically  at  least,  dynamic  control  can  stand  alone  as 
a transfer  policy.  In  practice,  however,  dynamic  control  may 
be  most  frequently  employed  in  conjunction  with  schedule 
cooraination  or  timed  transfers,  since  vehicles  are  scheduled 
to  arrive  within  a small  time  interval  with  both  of  those 
options  ana  schedule  overlapping  is  clearly  an  objective  at 
these  properties.  Section  8.2  examines  current  use  of  dynamic 
control  of  bus/bus  transfers  from  several  perspectives;  actual 
use  of  dynamic  control  alone,  the  theoretical  possibilities  of 
dynamic  control,  and  dynamic  control  in  conjunction  with 
scheuuling  options.  Section  8.3  describes  current  use  of 
dynamic  control  of  transfers  involving  rail  vehicles. 

Section  8.4  describes  the  operational  and  user 
consequences  of  dynamic  control,  while  Section  8.5  outlines 
criteria  for  applying  dynamic  control  to  different  situations. 
Like  the  previous  sections,  this  section  outlines  interactions 
between  dynamic  control  and  other  components. 

8.2  Current  Practice  --  Bus 


use  of  some  form  of  dynamic  control  for  bus/bus  transfers 
is  currently  widespread.  Figure  8-1  lists  examples  of 
properties  using  dynamic  control  in  conjunction  with  timed 
transfers,  and  properties  using  dynamic  control  alone. 
Particularly  among  smaller  properties  employing  timed 
transfers,  dynamic  control  is  used  regularly  to  ensure  that  a 
significant  proportion  of  buses  meet.  It  must  be  emphasized 
that  timed  transfers  are  the  more  important  component  of  this 
combination  in  terms  of  operator  effort.  However,  dynamic 
control,  by  guaranteeing  that  buses  will  actually  meet  in  a 
timed  transfer,  is  an  important  factor  in  attracting  ridership 
(Chapter  9 examines  this  in  detail) . 
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Figure  8-1 

EXAMPLES  OF  PROPERTIES 
USING  DYNAMIC  CONTROL 


Type  of  Dynamic  Control 


Property 


Dynamic  control  alone 


Portland,  ME 
To  I edo 
C I eve  I and 
I nd I anapo I i s 


Dynamic  control  with  timed 
transfers  or  schedule 
coord i nati on 


Brockton 
Lafayette 
Knoxvi I le 
Haverh i I I 
Eugene 
Memph i s 
Fresno 


Source:  Operator  interviews. 
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Almost  all  of  the  properties  which  use  timed  transfers 
extensively  (i.e.,  pulse  scheduling  at  major  transfer  points 
all  aay),  use  dynamic  control.  Most  have  radios  by  which  late 
buses  can  call  ahead  and  inform  the  waiting  buses  which,  if 
any,  will  be  receiving  passengers.  Either  the  dispatcher  or 
starter  (or  perhaps  the  individual  drivers)  can  then  release 
the  buses  which  would  not  be  receiving  transferees  and  hold  the 
others  tor  the  late  bus.  The  typical  maximum  holding  time  is  5 
minutes.  Given  that  most  of  these  properties  pulse  every  half 
hour,  nolding  buses  longer  would  severely  interfere  with  the 
next  pulse.  In  addition  to  the  role  as  a complement  to  other 
transfer  policy  options,  several  small  properties  use  extensive 
dynamic  control  alone,  either  to  control  meetings  between  trunk 
ana  crosstown  routes  or  occasionally  to  facilitate  transfers  in 
CBDs  when  the  schedule  permits. 

A particularly  interesting  application  of  dynamic  control 
as  a stana-alone  option  occurs  in  circumstances  where  schedule 
adherence  is  poor.  In  this  case,  the  driver  of  a bus  with 
transferring  passengers  can  ask  the  dispatcher  if  there  is  a 
connecting  bus  at  the  transfer  point.  If  there  is,  then  it  can 
oe  held  tor  the  transferring  passengers.  This  type  of  dynamic 
control  is  used  in  Portland,  Maine,  where  winter  storms 
sometimes  reduce  schedule  reliability.  Dynamic  control  then 
helps  to  ensure  that  buses  will  meet  at  transfer  points, 
without  fear  of  perturbing  an  already  perturbed  system. 

Many  properties  use  dynamic  control  either  on  a few  routes 
or  in  the  evening.  These  properties  tend  to  be  significantly 
larger  than  those  which  make  more  extensive  use  of  dynamic 
control.  Again,  those  properties  which  make  marginal  use  of 
dynamic  control  often  combine  it  with  either  timed  transfers 
(in  the  form  of  line-ups)  or  schedule  coordination.  In 
addition,  there  are  some  properties  which  use  dynamic  control 
oy  Itself  as  a substitute  for  either  trunk-crosstown  or  minor 


164 


scneaule  coordination  in  cases  where  people  are  just  missing  a 
connecting  bus.  Tne  oifference  between  schedule  coordination 
ana  aynamic  control  in  these  situations  lies  in  the  amount  of 
real-time  operator  action  needed.  Once  schedules  are 
coorainated,  the  bus  normally  makes  the  same  connection  every 
aay  without  any  other  operator  input.  This  implies  that  the 
DUS  will  follow  the  revised  schedule  even  when  there  are  no 
passengers  wanting  to  transfer  to  it.  Vvith  dynamic  control,  on 
the  other  hand,  the  connecting  bus  will  wait  only  if  it  is  to 
receive  transferring  passengers. 

There  are  differences  in  implementation  procedures  between 
small  properties  which  use  dynamic  control  extensively,  and 
large  properties  which  use  it  marginally.  Extensive  users 
generally  employ  radios  to  signal  the  connecting  bus  to  wait, 
urivers  of  connecting  buses  are  typically  instructed  to  hold  up 
to  two  to  three  minutes  for  the  first  bus,  contingent  upon 
Deing  able  to  make  up  running  time.  This  restriction  may  limit 
the  use  of  aynamic  control  during  peak  hours  of  traffic 
congestion,  or  when  the  connecting  bus  is  running  late. 

Another  type  of  communications  procedure,  which  does  not 
involve  raaios,  can  be  utilized  on  any  type  of  property.  It 
consists  of  a driver  at  a transfer  point  looking  to  see  if 
another  bus  is  coming,  and  holaing  if  one  is.  In  another 
version,  the  oncoming  bus  flashes  its  headlights  if  there  are 
passengers  on-boara  who  want  to  transfer.  On  large  properties 
wirh  many  buses,  this  approach  may  be  restricted  to  particular 
situations,  since  indiscriminate  use  could  cause  schedules  to 
aegenerate  quickly.  Such  "eyeball  control"  is  often  used  as  a 
supplement  to  the  other  types  of  dynamic  control. 

Several  dynamic  control  methods  are  technologically 
possible  ana  potentially  useful,  though  their  use  is  not 
wiaespreaa  at  this  time.  These  involve  various  versions  of 
automatic  vehicle  monitoring  (AVM)  and  simple  sensor 
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systems.  The  sensor  system  could  be  similar  to  the  one  used 
tor  bus-actuatea  traffic  signals,  allowing  an  oncoming  bus  to 
actuate  a signal  at  the  transfer  point.  Other  technological 
arrangements  can  be  imagined,  but  the  lack  of  current 
implementations  makes  it  impossible  at  this  time  to  draw  useful 
conclusions  concerning  their  applicability  or  consequences. 

Dynamic  control  is  usea  by  small  properties  at  almost  any 
intersection  of  routes,  except  when  the  frequency  of  the 
connecting  bus  is  high  enough.  It  is  frequently  employed  at 
night.  The  volume  of  transferring  passengers  is  typically  not 
important  in  deciding  where  to  institute  dynamic  control,  since 
key  motivating  factors  for  using  dynamic  control  are  often 
elimination  of  the  largest  transfer  waits,  and  public 
relations.  From  the  point  of  view  of  improving  the  image  of 
the  transit  system,  the  most  important  consideration  is  that 
people  be  aware  of  the  possibility  that  the  connecting  buses 
will  hola  for  them,  rather  than  whether  large  numbers  of  people 
actually  use  it. 

Tnere  are  different  approaches  to  the  issue  of  providing 
user  information  about  this  transfer  policy  component.  Some 
properties  make  an  effort  to  inform  passengers  that  dynamic 
control  is  used,  but  others  only  inform  passengers  when  they 
complain  about  overly  long  transfer  wait  times  at  particular 
points.  Large  properties  usually  do  not  publicize  the 
availability  of  dynamic  control,  for  fear  that  the  volume  of 
requests  would  overwhelm  the  capacity  of  the  radio  system.  In 
addition,  there  may  be  a desire  to  limit  the  number  of 
aisturbances  of  running  times. 

Larger  properties  which  make  marginal  use  of  dynamic 
control  generally  tend  to  hold  buses  for  one  or  two  minutes. 
This  is  Shorter  than  in  the  case  of  smaller  cities  because  of 
the  multiple  transfer  points  and  the  greater  difficulty 
encountered  in  making  up  lost  time  on  large  properties, 
uynamic  control  of  this  type  tends  to  be  used  in  the  evening, 
and  for  transfers  to  routes  with  long  headways. 
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8.3  Current  Practice  --  Rail 


Almost  all  rail  properties  use  dynamic  control  at  some 
Dus/rail  transfer  points,  and  a few  use  it  at  rail/rail 
transfer  points  as  well.  The  basic  rationale  behind  dynamic 
control  involving  rail  is  the  same  as  for  dynamic  control  of 
bus/bus  transfers,  though  communications  equipment  and 
proceaures  may  vary.  It  should  be  noted  that  dynamic  control 
in  the  Dus/rail  context  is  almost  invariably  applied  to  bus 
ratner  than  rail  vehicle  movements,  thus  facilitating  rail  to 
bus  transfers.  This  is  due  to  the  typically  higher  frequency 
of  rapia  rail  which  minimizes  the  benefits  attainable  from 
nolaing  rail  vehicles  and  the  possibility  of  creating 
systemwide  operational  disruptions.  There  are  isolated 
instances  where  rail  vehicles  are  held.  For  instance,  in 
Westport  the  commuter  trains  in  the  morning  will  occasionally 
hold  for  a very  short  time  to  permit  a late  bus  to  come  in. 
however,  this  is  an  exception. 

The  informal  holding  of  a bus  for  a train  which  is 
scheduled  to  arrive  need  not  involve  formal  communication 
methods.  Ail  that  is  necessary  is  that  the  bus  arrive  at  a 
train  station  where  there  are  usually  transferring  passengers, 
and  wait  briefly  (e.g.,  1 or  2 minutes)  for  the  train  to 
arrive.  This  form  of  dynamic  control  is  most  often  applied  in 
the  evening  and  toward  the  last  train  trips  of  the  day,  when 
Dus  frequencies  are  low. 

The  second  type  of  dynamic  control  is  a formal  meeting 
Dased  on  train  arrivals.  In  this  case  the  bus  is  formally 
scheduled  to  meet  a particular  train  and  hold  until  passengers 
arrive  from  that  train.  Sometimes  if  there  are  later  buses  and 
tne  train  is  very  late,  a bus  will  only  wait  5 to  7 minutes. 
Formal  meeting  does  not  require  special  communications 
equipment.  However,  it  does  require  the  commitment  of  a bus  to 
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meet:  a jjarticular  train.  It  may  also  require  that  bus 
operators  take  measures  to  locate  late  trains.  For  instance, 
v^estport  attempts  to  contact  the  dispatcher  in  case  of  very 
late  trains,  and  AC  Transit  (which  runs  buses  under  contract  to 
meet  bART  trains  in  the  evening)  will  have  its  bus  drivers  call 
the  BAkT  central  control  if  the  train  is  more  than  15  minutes 
late.  These  methods  of  communication,  though,  are  informal  and 
uo  not  form  an  important  part  of  the  formal  meeting  strategy. 

The  third  type  of  bus/rail  dynamic  control,  formal 
noloing,  attempts  to  mitigate  the  problems  caused  by  the  fact 
that  there  is  often  a large  spatial  separation  between  bus  and 
rail  (see  Chapter  5).  Moreover,  if  the  rail  route  is 
underground,  the  bus  driver  may  not  know  that  a train  has  come 
in,  and  might  otherwise  pull  out  while  the  rail  passengers  are 
traversing  the  transfer  distance.  Therefore,  it  can  be  helpful 
for  the  bus  ariver  to  know  when  the  train  has  or  is  about  to 
come  in,  so  that  the  bus  can  be  held  until  the  transferring 
passengers  arrive. 

The  means  by  which  this  is  accomplished  in  many  cities 
(e.g.,  San  Francisco,  Cleveland,  Philadelphia)  is  to  have  a 
light  at  street  level  which  is  illuminated  when  a train  enters 
tne  station.  The  bus  driver  or  starter  knows  how  long  it 
typically  takes  all  transferring  passengers  to  reach  street 
level,  and  during  off-peak  hours  will  hold  for  that  length  of 
time  (typically  4 to  5 minutes).  The  bus  schedules  usually 
include  enough  recovery  and  layover  time  to  take  into  account 
the  holding  time  at  the  rail  station. 

Formal  holding  can  also  be  employed  for  transfers  to  rail. 
In  pniladelpnia,  at  the  transfer  point  between  the  two  subway 
lines,  a light  on  one  rail  platform  signals  the  arrival  of  a 
train  on  the  other  platform.  In  the  evening  or  off-peak,  this 
lets  trains  on  the  first  line  hold  for  1 or  2 minutes  if  a 
train  with  transferring  passengers  arrives  on  the  other  line. 
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Another  case,  where  formal  holding  of  rail  vehicles  would 
nave  oeen  helpful,  occurred  in  Cleveland.  At  one  rapid  station 
people  on  a particular  bus  in  the  evening  consistently  missed 
the  train  as  it  pulled  out  of  the  station.  This  happened  so 
persistently  that  the  people  called  the  dispatcher,  who  at  one 
point  stopped  the  train  enroute  and  sent  it  back  to  the 
station.  This  led  to  significant  disruptions  in  downstream 
scneaule  adherence,  and  illustrates  the  potential  appl icaoility 
ot  a formal  holding  strategy. 

Figure  b-2  lists  the  different  types  of  dynamic  control 
anu  holaing  strategies,  together  with  examples  of  properties 
wnich  employ  them. 

8.4  Consequences 

bus  Transfers 


Costs 

Because  dynamic  control  involves  real-time  operator 
actions,  there  may  be  significant  operational  consequences. 
Surprisingly  enough,  users  of  dynamic  control  do  not  view  it  as 
aisturbing  the  operation  of  the  bus  system  very  much.  If  a bus 
is  held  for  a couple  of  minutes  it  is  generally  believed  that 
the  time  can  be  made  up.  These  operators  therefore  see  dynamic 
control  as  an  added  service  which  does  not  require  extra 
layover  time  to  absorb  the  added  uncertainty. 

Several  important  qualifications  must  be  made  to  this 
optimistic  statement.  On  a bus  system  with  no  schedule 
layovers  and  otnerwise  highly  reliable  service,  use  of  dynamic 
control  on  one  run  can  adversely  affect  schedule  adherence  on 
suDsequent  runs  if  "speeding  up"  is  not  feasible.  Large 
properties  which  use  dynamic  control  can  suffer  from 
interference  between  multiple  transfer  points  on  the  same  line, 
if  dynamic  control  is  used  extensively  on  a large  property. 
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Fi  gure  8-2 


EXAMPLES  OF  KAIL  PROPERTIES  USING  DYNAMIC  CONTROL 


Infomal  Holding 


Washington 

Boston 


Formal  Meeting 


Westport 
Detroi  t 
San  Francisco 
Chicago 


Formal  Holding 


Cl  eveland 
Philadelphia 
San  Francisco 


170 


tnere  may  De  further  operational  problems  connected  with  excess 
raaio  traffic  ana  the  need  to  balance  conflicting  demands  from 
passengers.  In  the  words  of  one  operator,  "the  passengers  in 
the  bus  oeing  held  get  upset  and  tell  the  driver  they  don't 
care  aoout  the  other  bus."  The  need  to  make  this  type  of 
decision  in  real  time  is  a distinct  operational  problem. 

For  most  transfer  components,  the  effects  on  operations 
translate  immeaiately  into  costs.  The  major  cost  for  dynamic 
control,  however,  is  the  initial  purchase  of  the  radios. 
Availaole  raaio  systems  span  a wide  range  of  possible  costs  and 
will  nave  many  nontransfer-related  beneficial  uses  (e.g., 
reporting  vehicle  breakdowns  or  criminal  incidents) . The 
aecision  of  whether  or  not  to  buy  radios  may  therefore  often  be 
made  on  nontransf er-relatea  grounds. 

The  other  important  cost  consequence  of  dynamic  control 
relates  to  tne  aaaitional  layovers  which  may  be  needed, 
however,  layovers  are  generally  not  used  to  compensate  for  the 
variance  induced  by  dynamic  control.  Operators  only  hold  buses 
tor  relatively  short  times  because  if  they  had  to  build 
extensive  layover  times  into  the  schedule,  they  might  as  well 
alter  tne  entire  schedule.  The  one  exception  to  this  costless 
approach  occurs  on  pulse  properties,  where  the  incremental 
"guarantee"  that  vehicles  will  meet  may  have  to  be  compensated 
ror  by  aaaitional  layover  time  in  order  to  avoid  interference 
with  subsequent  pulses. 

user  Satisfaction 

Dynamic  control  has  several  distinct  effects  on  user 
satisfaction.  When  dynamic  control  is  used  as  a stand-alone 
substitute  for  schedule  coordination,  the  gain  in  user 
satisfaction  for  those  people  transferring  to  the  controlled 
route  is  liable  to  be  large,  especially  if  it  is  late  at  night 
or  the  frequency  of  the  controlled  route  is  low.  However, 
individuals  boaraing  the  controlled  route  after  the  control 
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pome,  may  experience  extra  delay  (waiting  time  and  uncertainty) 
if  tne  bus  does  not  catch  up  with  its  schedule  quickly.  The 
satisfaction  of  the  riders  already  on  the  bus  being  held  is  not 
reauced  significantly  (because  of  the  relatively  low  importance 
Of  in-vehicle  time)  unless  the  holdover  is  particularly  long, 
or  the  riders  are  trying  to  make  a connection  at  another 
transfer  point,  and  the  bus  they  are  connecting  with  does  not 
nold  for  them.  This  is  why  properties  with  multiple  transfer 
points  on  the  same  routes  find  it  difficult  to  use  dynamic 
control  to  any  great  extent. 

V^hen  dynamic  control  is  being  used  in  an  area  with  serious 
scneoule  adherence  problems,  the  effects  on  user  satisfaction 
are  dirferent.  The  people  transferring  experience  an  even 
greater  gain  in  user  satisfaction  since,  with  the  uneven 
headways  of  the  connecting  route,  their  expected  wait  time  is 
nigner  (see  Chapter  10).  On  the  other  hand,  dynamic  control  is 
not  likely  to  detract  from  the  level  of  satisfaction  of  the 
riders  of  the  controlled  bus  or  those  "downstream,"  since  they 
would  experience  schedule  adherence  problems  in  any  case. 

dynamic  control,  used  in  conjunction  with  timed  transfers, 
raises  user  satisfaction  significantly.  As  outlined  above,  the 
"guarantee"  that  buses  will  meet  to  exchange  passengers  is  a 
crucial  element  in  cutting  down  the  mean  and  variance  of  wait 
time  associated  with  transfers,  the  central  purpose  of  timed 
transfers.  Once  again,  though,  there  are  "downstream"  users 
wno  may  be  adversely  affected. 


Ridership  and  Revenue 

Generally,  the  ridership  consequences  of  dynamic  control 
as  a separate  option  are  not  significant.  No  important 
increases  in  transferring  ridership  which  can  be  attributed  to 
this  option  have  been  observed  by  operators.  Also,  people  who 
Doard  downstream  from  the  transfer  point  do  not  seem  to  be 
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particularly  discouraged  by  the  increased  uncertainty  in  wait 
time,  at  least  when  the  "hold”  is  short.  Operators  tend  to 
view  Dynamic  control  as  a public  relations  measure,  so  that 
inaucea  riaership  is  indirect,  and  a secondary  concern, 
however,  when  used  with  timed  transfers,  dynamic  control 
definitely  is  a key  contributor  to  increased  ridership.  Hence, 
revenue  will  increase  significantly  when  dynamic  control  is 
combined  witn  timed  transfers  but  insignificantly  when  it  is 
used  independently. 

Kail  Transfers 

dynamic  control  applied  to  the  bus  side  of  rail/bus 
transfers  tenos  not  to  have  large  operational  consequences. 

The  effects  of  holding  a bus  for  a few  minutes  have  already 
been  outlined,  and  are  generally  minor.  Unless  buses  must  hold 
for  unreliable  trains  and  poor  communications  exist  between  bus 
and  rail,  dynamic  control  of  buses  for  bus/rail  transfers  does 
not  lead  to  significant  operational  problems.  This  contrasts 
with  dynamic  control  of  rail  vehicles,  which  may  produce  such 
operational  difficulties  as  vehicle  bunching  if  frequencies  are 
sufficiently  high. 

Cnee  again,  the  costs  of  dynamic  control  arise  from 
additional  layover  time  and  needed  signalling  equipment.  Most 
properties  do  not  build  much  additional  layover  time  into  the 
schedule  for  the  purpose  of  dynamic  control  since  (except  in 
tne  case  of  formal  meetings)  the  hold  time  is  relatively  short. 
Therefore  the  increase  in  operating  cost  is  not  great.  The 
capital  costs  of  train  arrival  signals,  which  are  the 
predominant  signalling  devices  now  used  for  bus/rail  transfers, 
are  minor  in  comparison  with  other  capital  outlays. 

Maintenance  costs  are  also  very  low. 

Informal  and  formal  holding  increase  user  satisfaction  by 
eliminating  those  occasions  where  transferring  passengers  just 
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miss  their  bus  and  have  to  wait  the  full  bus  headway.  In 
ir'h ilaaelpnia , stations  without  formal  holding  produce  a much 
higner  rate  of  complaints  to  the  operator  about  buses  pulling 
away  from  terminals.  Formal  meeting  will  raise  user 
satistaction  oy  guaranteeing  a connection  for  the  passenger 
travelling  from  rail  to  bus.  For  any  type  of  dynamic  control, 
nolaing  buses  for  more  than  a small  length  of  time  (e.g.,  5 
minutes)  may  aaversely  affect  the  user  satisfaction  of  riders 
boaraing  downstream.  This  may  be  insignificant  for  buses 
carrying  evening  commuter  rail  riders  which  only  let  out 
passengers  or  it  may  be  quite  important  for  buses  which  must 
make  other  connections. 

Overall,  operators  tend  to  view  dynamic  control  of  rail 
transfers  as  a public  relations  measure  (as  in  the  case  of 
bus/bus  transfers),  and  find  no  significant  direct  ridership 
ana  revenue  consequences  accruing  from  its  use. 


8.5  Synthesis 

bynamic  control,  as  a separate  option,  is  appropriate  when 
transfer  flows  are  intermittent,  when  schedule  coordination  is 
aifficuit  to  provide,  or  when  schedule  unreliability  is  common. 
In  the  first  case,  dynamic  control  provides  a way  of  making 
aagustments  in  operations  only  when  they  are  needed  to 
accommodate  transferring  passengers.  In  the  second  case, 
aynamic  control  can  reauce  wait  time  for  passengers 
transferring  between  vehicles  which  are  not  scheduled  by  the 
same  organization  (e.g.,  rail  to  bus  transfers).  In  both  of 
these  cases,  dynamic  control  acts  as  a substitute  for  schedule 
coordination.  In  the  third  case,  dynamic  control  can  cause 
buses  which  would  not  have  met  otherwise  to  meet,  thus 
mitigating  the  effects  of  schedule  unreliability  on 
transferring  passengers. 
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Tne  major  constraints  on  the  use  of  dynamic  control  tend 
to  be  tne  size  and  complexity  of  the  system.  Dynamic  control, 
Dy  aefinition,  disrupts  the  normal  operation  of  vehicles  in  the 
system.  In  a simple  system  this  disturbance  may  not  have 
wiaespreaa  effects.  On  a more  complex  network  of  routes, 
tnough,  use  of  extensive  dynamic  control  may  produce  harmfirl 
scheaule  aisruptions.  There  is  also  a limit  on  the  number  of 
uynamic  control  "messages”  that  a radio  system  can  handle. 

This  does  not  mean  that  larger  properties  cannot  use 
aynamic  control.  It  does  mean,  however,  that  its  applicability 
may  oe  limited,  and  that  there  are  inherent  limits  on  the 
amount  of  ridership  to  be  attracted  by  dynamic  control  alone. 
For  example,  if  dynamic  control  regularly  attracts  ridership  at 
a single  transfer  point,  then  an  adjustment  of  the  schedule,  or 
scheaule  coordination,  may  be  more  appropriate  than  a regular 
real-time  aajustment  in  operations. 

There  are  many  situations  where  dynamic  control  is  a 
low-cost  method  for  obtaining  large  gains  in  user  satisfaction 
tor  some  riders,  and  for  improving  overall  public  relations. 
Uynamic  control  is  applicable  where  two  low-frequency  routes 
cross,  and  it  is  productive  to  guarantee  that  transferring 
passengers  will  make  their  bus.  Dynamic  control  is  also 
applicable  in  cases  where  a low-frequency  route  receives  a 
significant  volume  of  transferring  passengers  from  a 
higher-frequency  route,  such  as  a trunk  bus  route  or  a rail 
line.  6y  holding  the  vehicle  on  the  low-frequency  route  to 
ensure  that  it  meets  an  approaching  vehicle  on  the  other  route, 
wait-time  is  reauced. 

On  timed  transfer  properties,  a guarantee  that  buses  will 
meet  and  be  able  to  exchange  passengers  is  necessary  to  attract 
new  riders  and  ensure  the  satisfaction  of  old  riders.  Dynamic 
control  with  timed  transfers  requires  some  additional  layover 
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time,  altnough  not  as  much  as  if  layovers  alone  were  used  to 
overcome  reliability  problems.  On  both  cost  and  user 
satisfaction  grounds,  dynamic  control  for  bus/bus  and  bus/rail 
transfers  is  generally  a workable  compromise  between  no 
alleviation  of  schedule  uncertainty  (with  people  just  missing 
ouses) , ana  the  addition  of  enough  costly  layover  time 
sufficient  to  absorb  all  headway  variance. 
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Chapter  9 
TIMED  TRANSFERS 

9.1  Introduction 

A timea  transfer  is  defined  as  any  set  of  operator  actions 
wnich  proviaes  some  degree  of  certainty  that  vehicles  on 
aifferent  routes  will  meet  at  regular  intervals  to  exchange 
transferring  passengers.  Timed  transfers  can  be  thought  of  as 
the  limiting  case  of  both  schedule  coordination  and  dynamic 
control,  since  buses  are  scheduled  and  routed  to  ensure 
tney  meet  in  both  time  and  space.  However,  since  timed 
transfers  nave  distinctly  different  consequences,  they  comprise 
a separate  component  of  a transfer  policy. 

The  simplest  form  of  this  option  will  be  called  "simple" 
timed  transfers,  where  two  routes  are  scheduled  and  operated  to 
guarantee  that  some  or  all  vehicles  on  the  routes  will  meet  at 
the  transfer  point  to  exchange  passengers.  At  the  other  end  of 
the  complexity  scale  is  the  extensive  use  of  timed  transfers, 
to  be  known  as  pulse  scheduling.  The  underlying  principle  of 
pulse  scheduling  is  that  vehicles  on  all  (or  most)  routes  which 
meet  at  the  major  transfer  point  are  scheduled  to  arrive  nearly 
simultaneously,  hold  until  all  the  vehicles  have  come  in,  and 
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tnen  leave  together.  Vvhen  this  occurs  at  regular  intervals, 
the  effect  is  as  if  the  vehicles  were  pulsing. 

In  between  these  extremes  are  two  other  types  of  timed 
transfers.  ^hen  pulse  scheduling  of  buses  is  used  only  in  the 
evening  or  off-peak  hours,  with  low  service  frequencies  and 
posstbly  long  layovers  at  the  transfer  point,  it  is  commonly 
called  a "line-up."  Compared  to  pulse  scheduling,  line-ups  are 
found  in  larger  cities.  Another  variant  of  timed  transfers, 
"neighborhood"  pulse,  is  found  on  large  properties.  It 
involves  coordinating  the  schedules  of  neighborhood  bus 
circulator  routes  to  make  travel  within  a section  of  a city 
easier. 

Section  9.2  examines  the  types  of  situations  where  these 
variants  of  bus  timed  transfers  are  used,  and  the  operator 
actions  associated  with  implementing  them.  Section  9.3  briefly 
looks  at  timed  transfers  for  rail.  Such  uses  of  timed 
transfers  are  quite  uncommon,  due  to  the  large  spatial 
separation  between  routes  and  the  consequent  long  layover 
required.  However,  some  examples  of  simple  timed  transfers 
between  bus  and  rail  are  noted,  along  with  cases  where  timed 
transfers  for  buses  are  combined  with  bus/rail  schedule 
coordination. 

Section  9.4  examines  the  consequences  of  timed  transfers, 
and  the  last  section,  9.5,  suggests  where  timed  transfers  might 
be  applicable. 

9.2  Current  Practice  — Bus 

"Simple"  timed  transfers,  where  buses  on  two  routes  are 
guaranteed  to  meet  regularly,  illustrate  the  basic  principles 
underlying  timed  transfers  in  general.  Simple  timed  transfers 
are  used  on  many  properties,  from  the  smallest  to  the  largest. 
They  are  most  commonly  employed  in  the  evening  when  both  routes 
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low  frequencies.  Simple  timed  transfers,  almost  by 
aefinition,  are  more  likely  to  be  found  at  outlying  transfer 
points  wnere  tew  routes  may  meet.  They  are  also  common  on  long 
routes,  wnicn  go  to  areas  not  served  by  other  routes.  However, 
tneir  use  is  not  restricted  to  any  particular  application 
setting.  Figure  9-1  gives  examples  of  properties  which  use 
each  of  the  four  types  of  timed  transfers,  incluaing  simple 
timea  transfers. 

In  oraer  to  implement  simple  timed  transfers,  schedules 
must  be  adjusted  so  buses  arrive  at  the  transfer  point  at  the 
same  time.  There  are  differences,  though,  in  the  way  that 
operators  nandle  the  unavoidable  problems  of  schedule 
unreliaoility . Some  operators  have  the  buses  lay  over  for  2 to 
b minutes  at  the  transfer  point,  assuming  that  such  a layover 
provides  enough  of  a cushion  ordinarily  to  ensure  that  the 
buses  will  meet.  Other  operators  utilize  dynamic  control  to 
nolo  tne  first  bus  until  the  second  bus  arrives  if  the  second 
DUS  nas  transferring  passengers.  "Static”  control,  where  each 
bus  is  cold  to  hold  until  the  other  arrives,  has  the  problem 
tnat  if  one  bus  breaks  down  or  is  extremely  late,  the  schedule 
of  the  second  bus  is  needlessly  disrupted.  Therefore,  true 
static  control  is  rarely  used,  and  a limit  is  typically  placed 
on  the  length  of  time  spent  waiting.  All  of  these  operator 
actions,  however,  have  the  common  objective  of  guaranteeing 
transfers  with  a low  wait  time  between  two  routes. 

ir'ulse  scheduling,  or  extensive  timed  transfers,  is  the 
type  of  timed  transfer  which  has  the  most  far-reaching 
operational  consequences.  The  properties  which  currently 
employ  this  option  are  extremely  diverse.  Figure  9-2  lists 
some  of  the  important  characteristics  of  the  pulse  properties 
participating  in  this  study.  Note  that  service  area 
populations  range  from  under  30,000  to  over  300,000.  A wide 
variety  of  communities  are  served  all  over  the  United  States, 
including  college  towns,  industrial  cities,  and  bedroom 
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Figure  9-1 

EXAMPLES  OF  PROPERTIES  USING  TIMED  TRANSFERS  BETWEEN  BUSES 


Type  of  Timed  Transfer 

Property 

Simple  timed  transfer 

A 1 bany 

Washington,  D.C. 

Pu  1 se  schedu 1 i ng 

Fresno 
Lafayette 
Brockton 
Westport 
Lew i ston 
Haverh i 1 1 

Li ne-up 

Knoxv i 1 1 e 
Portland,  OR 
Co  1 umbus 
Memph i s 
To  1 edo 
Albany 

Neighborhood  pulse 

Denver 

Portland,  OR 

Source:  Operator  interviews. 
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Figure  9-2 

CHARACTERISTICS  OF  PULSE  PROPERTIES 
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suburbs.  Annual  ridership  among  the  pulse  properties  ranges 
Irom  me  tens  ot  tnousands  to  over  four  million.  Fleet 
sizes  range  from  3 buses  up  to  about  lOU  buses.  It  is 
interesting  to  note,  though,  that  virtually  all  of  the  pulse 
properties  offer  free  transfers.  This  may  reflect  both  a 
"pnilosophy"  on  pulse  properties  of  simplifying  and  reducing 
tne  burden  of  transfers,  and  an  effective  marketing  approach. 

Several  properties  have  employed  some  form  of  pulse 
scheauling  for  a fairly  long  time,  showing  that  the  pulse  is 
not  a recent  innovation.  At  least  one  property  (Eugene, 

Oregon)  has  nad  pulse  since  1910,  when  trolleys  met  intercity 
trains.  Pulse  scheduling  on  several  other  properties  predates 
public  control. 

Tnere  are  many  reasons  for  implementing  and  maintaining  a 
pulse  schedule.  Goals  of  increasing  efficiency,  making 
transfers  easier,  making  the  transit  system  easier  to 
unaerstand,  attracting  riders,  and  increasing  coverage  are 
commonly  cited  by  operators.  The  ways  that  operators  have  used 
pulse  to  try  to  achieve  each  of  these  goals  are  examined 
below . 

Important  aspects  of  pulse  transfers  include  service 
frequency,  routing,  schedule  adherence,  space  for  buses  to  meet 
and  operator-information  policies.  Since  all  buses  are 
meeting,  it  is  possible  to  speak  of  a "pulse  frequency"  of 
which  all  route  frequencies  are  a multiple.  The  most  common 
pulse  frequency  is  30  minutes.  Other  pulse  frequencies  such  as 
minutes,  and  45  minutes  (with  some  buses  meeting  in  between 
the  major  pulses) , are  also  in  use  as  shown  in  Figure  9-2. 
Virtually  all  of  the  properties  using  a pulse  other  than  30 
minutes  originally  implemented  pulse  at  a 30-minute  frequency 
and  later  modified  it  because  of  schedule  unreliability, 
increases  in  ridership  which  led  to  slower  running  times,  or 
other  site-specific  reasons. 
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An  interesting  feature  of  the  frequencies  cited  above  is 
tnat  they  typically  do  not  change  much  between  the  peak-  and 
off-peak  periods.  Most  pulse  properties  maintain  the  same 
frequency  throughout  the  day,  though  some  halve  the  frequency 
in  tne  evenings  and  on  weekends.  Only  minor  insertions  of 
extra  buses  are  usually  made  during  the  peak  hours. 

honusers  of  pulse  scheduling  perceive  significant 
ODStacles  to  converting  a large  system  which  has  a great 
variety  of  heaaways  and  running  times  to  a single  standard.  An 
important  decision  in  implementation,  therefore,  involves 
reducing  frequency  on  some  lines,  which  would  reduce  LOS,  or 
increasing  frequency  on  others,  which  is  costly.  Both 
possibilities  require  making  "artificial"  changes  to  the 
scheaule  which  may  be  wholly  unsatisfactory  in  some  settings, 
in  large  cities,  especially,  forcing  a wide  variety  of  routes 
to  meet  in  time  and  space  may  be  essentially  unfeasible.  In 
tne  opinion  of  one  experienced  transit  professional,  "in  large 
cities,  crosstowns  are  better  and  cheaper,  too." 

Given  the  ranges  of  headways  which  are  found  on  different 
properties  ana  the  different  ways  of  making  them  compatible,  it 
IS  somewhat  surprising  to  find  that  30  minutes  is  almost 
uniformly  perceived  as  the  preferred  pulse  frequency.  Many 
operators  believe  that  a 30-minute  headway  makes  the  transit 
system  easier  to  understand.  Also,  half-hour  headways  are 
quite  compatible  with  clock-face  scheduling.  These  reasons  are 
consistent  with  the  design  of  timed  transfers  as  a popularly 
supportea,  easily  understood,  and  not  easily  disrupted  public 
transit  system. 

It  Should  be  noted  that  on  systems  with  lower  than  30 
minute  headways,  people  may  experience  short  transfer  times 
without  timed  transfers.  This  implies  that  pulse  properties 
are  naturally  made  up  of  those  which  have  low  service 
frequencies  because  properties  on  which  a high  frequency  was 
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appropriate  might  not  fina  that  pulse  was  worth  the  effort  to 
implement . 

The  neea  for  all  or  most  routes  to  have  the  same  headway 
13  an  integral  part  of  a pulse  system,  constraining  in  turn  the 
routing  of  buses.  Vvhen  implementing  pulse,  many  properties 
fina  that  tneir  natural  routes  are  too  long  and  that  pulse 
limits  their  route-miles.  A typical  remedy  is  to  cut  short  the 
enas  of  the  routes.  Also,  as  outlined  in  Chapter  6,  through- 
routing  can  be  used  to  achieve  headways  which  do  not  divide 
evenly  into  route  run  times.  On  the  other  hand,  several 
properties  nave  routes  which  are  too  short.  The  operator 
response  to  this  problem  is  typically  to  either  increase 
layovers  to  equalize  running  time,  or  extend  the  bus  route  by 
loops  or  other  means,  thus  adding  area  coverage. 

In  practice,  the  choice  of  a pulse  frequency  can  never  be 
maae  independently  of  routing  decisions.  A major  influence  in 
the  balance  between  frequency  and  routing  is  the  size  and  shape 
of  the  relevant  transit  district.  Lafayette,  Indiana  and 
£>rocKton,  Massachusetts,  are  two  pulse  cities  which  have 
relatively  compact  service  areas,  and  thus  have  no  trouble 
operating  a 30-minute  pulse  with  good  loop  area  coverage. 
Another  pulse  property,  Everett,  Washington,  had  difficulty 
expanding  the  length  of  its  routes  because  the  service  area  is 
long  ana  thin,  and  the  CBD  is  not  in  its  geographic  center.  In 
general,  properties  whose  CBDs  are  in  the  geographic  center  of 
the  relevant  area  find  it  easier  to  pick  an  appropriate  pulse 
frequency  and  then  equalize  running  times  on  different  routes 
based  on  the  size  of  the  area. 

Schedule  adherence  is  a major  problem  for  pulse 
properties.  The  reasons  for  schedule  unreliability  tend  to  be 
the  same  as  those  on  nonpulse  properties:  traffic 

congestion,  breakdowns  of  new  buses,  and  interference  from 
trains.  (Chapter  10,  Schedule  Adherence,  covers  this  question 
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in  Detail.)  however,  since  the  essence  of  timed  transfers  is 
to  ensure  that  transferring  passengers  make  connections, 
maintaining  scheaule  adherence  is  more  important  on  pulse 
properties . 

Two  strategies  are  available  for  coping  with  schedule 
unreliability  problems  on  a pulse  system.  The  first  strategy 
IS  to  build  extra  layover  time  into  the  schedule.  Most  pulse 
systems  use  layovers  of  5 minutes  or  less  out  of  each  half 
hour.  use  of  additional  layover  time  is  limited  if  the  same 
scnedule  is  to  be  used  for  both  peak  and  off-peak.  That  is,  if 
long  enough  layovers  are  added  to  absorb  peak-hour 
unreliability,  there  will  be  costly  unused  layovers  during  the 
off-peak  period.  However,  layovers  of  5 minutes  or  less  are 
usually  not  sufficient  to  handle  all  schedule  adherence 
problems . 

Therefore,  almost  all  pulse  properties  also  use  the  second 
possible  strategy,  dynamic  control,  to  mitigate  schedule 
reliability  problems  at  the  pulse  point.  In  general,  buses 
will  hold  for  a maximum  of  3 to  6 extra  minutes  for  late  buses 
betore  leaving  the  pulse  point.  As  described  in  Chapter  8,  the 
driver  of  the  late  bus,  if  it  is  radio  equipped,  can  inform  the 
dispatcher  or  starter  which  routes  will  be  receiving 
transferring  passengers,  enabling  a selective  release  of 
buses . 


Typically,  "lengthy”  detention  of  buses  through  dynam.ic 
control  is  employed  most  effectively  during  off-peak  hours,  the 
last  pulse  of  the  oay,  and  towards  the  end  of  peak.  Its  use  is 
avoided  at  the  beginning  of  peak  hours  because  during  the  peak 
buses  will  have  difficulty  catching  up  to  the  schedule  if  they 
have  been  held  any  length  of  time.  It  is  generally  thought  to 
be  better  to  let  one  or  two  peak-hour  buses  miss  the  pulse  than 
disturb  the  rest  of  the  system.  On  the  other  hand,  it  is  very 
important  on  the  last  trips  of  the  day  to  ensure  that  no  one  is 
stranded. 
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Some  properties  use  short  layovers  and  "static"  control 
(nolaing  "biindiy"  up  to  5 minutes)  to  deal  with  schedule 
uncertainty.  These  operators,  who  do  not  have  radios, 
sometimes  encounter  a situation  which  might  be  called 
"disintegrating  pulse."  Because  layovers  are  short,  and  buses 
may  be  detained  inefficiently,  routes  on  which  traffic 
congestion  is  bad  may  not  be  able  to  stay  on  schedule,  and  are 
simply  dropped  from  the  pulse. 

Several  nonusers  of  pulse  scheduling  believe  that  schedule 
adherence  problems  sometimes  cannot  be  overcome  by  any 
strategy.  Indeed,  trip  time  variance  at  peak  hours  can  be 
greater  than  the  headway  in  some  larger  systems.  Such  schedule 
unreliability  is  clearly  incompatible  with  a pulse  system  which 
does  not  have  enormously  large  and  costly  layovers  built  into 
tne  schedule.  Furthermore,  such  schedule  adherence  problems 
may  be  inherent  in  operations  in  congested  areas  having  heavily 
utilized  short  headway  bus  operations.  This  is  clearly  a 
limiting  factor  in  the  use  of  timed  transfers. 

Another  important  requirement  of  pulse  scheduling  is  the 
provision  of  space  for  buses  to  meet  at  the  pulse  point.  Most 
pulse  properties  have  a single  pulse  point  which  is  located  in 
the  CBb.  Typically  9 to  12  buses  occupy  the  pulse  point  at 
eacn  pulse,  although  as  many  as  15  buses  or  as  few  as  3 have 
been  observed  in  practice,  depending  on  the  size  of  the 
system.  These  numbers  refer  only  to  the  buses  meeting  the 
pulse;  pulse  points  may  have  unsynchronized  routes  terminating 
tnere  as  well. 

Finding  space  for  all  buses  to  meet,'  a common  problem  for 
tne  pulse  properties,  is  seen  as  an  even  bigger  problem  by 
nonusers  of  pulse.  There  is  a need  to  keep  all  pulsing  buses 
close  together  for  the  benefit  of  riders  and  for  better  control 
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ot  tfie  pulse.  Typically,  buses  are  distributed  over  one  or  two 
DiocKS  along  a street.  This  distance  may  create  problems  for 
some  passengers,  since  it  is  far  enough  to  cause  passengers  to 
miss  tneir  buses.  In  general,  though,  the  use  of  on-street 
stops  is  not  viewed  as  intolerable  by  operators.  Of  the  pulse 
properties  participating  in  this  study,  only  Brockton  has  an 
off-street  facility,  and  that  was  only  opened  in  March  1979. 

Two  other  properties  have  adopted  atypical  solutions  to 
tne  proolera  of  arranging  buses  at  the  pulse  point.  Because  of 
space  limitations,  Fresno,  California,  has  had  to  adopt  what 
mignt  be  callea  "syncopated  pulse."  A syncopated  pulse  system 
nas  two  pulse  points,  fairly  close  together,  with  the  buses  at 
one  pulse  point  routed  so  that  they  pass  by  the  other  pulse 
point  both  coming  in  and  going  out.  If  both  are  scheduled  to 
pulse  at  the  same  time,  the  buses  which  terminate  at  the  first 
pulse  point  arop  off  passengers  at  the  second  pulse  point  just 
before  it  pulses,  and  pick  up  passengers  at  the  second  pulse 
point  3ust  after  it  pulses.  In  this  way,  passengers  can  make 
their  transfers  within  a reasonably  short  length  of  time 
without  all  the  routes  having  to  terminate  at  the  same  spot. 

The  second  property  which  has  used  an  unusual  pulse  point 
arrangement  is  Lafayette,  Indiana.  Until  January  1979, 
Lafayette  had  two  pulse  points,  one  in  the  CED  and  a second  at 
r-uraue  University.  The  two  pulse  points  were  approximately  one 
mile  apart  across  a river,  and  connected  by  a shuttle  route 
wnich  met  both  pulses.  This  arrangement  was  originally 
instituted  to  increase  coverage  to  the  west  side  of  town  and  to 
keep  large  numbers  of  buses  off  the  single  major  bridge  over 
tne  river.  However,  Lafayette  moved  back  to  a single  pulse 
point  in  tne  CBD  in  January  1979  because  of  problems  in 
adhering  to  schedules. 

This  experience  raises  the  problem  of  interference  between 
pulsing  buses,  both  parked  and  moving  in  platoons,  and  auto 
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trattic.  In  many  cases,  some  traffic  engineering  work  and 
cooperation  trom  the  police  are  necessary  to  ensure  smooth 
operations.  These  aids,  and  the  possible  tendency  of  autos  to 
avoiQ  "pulse"  streets,  tend  to  keep  traffic  congestion  problems 
to  a minimum. 

Tne  final  component  of  current  practice  among  pulse 
properties  is  the  aegree  to  which  they  publicize  their  use  of 
pulse  scheauling.  Several  properties  make  it  clear  from  their 
scheaules  that  pulse  scheduling  is  a keystone  of  their  system. 
Other  properties  place  some  emphasis  on  pulse  scheduling 
witnout  maKing  it  the  dominant  feature  of  the  system.  Finally, 
tnere  are  some  properties  which  do  not  highlight  their  use  of 
pulse  scheduling  at  all.  This  last  group  includes  systems 
which  have  historically  had  some  sort  of  timed  transfers  or 
clockface  scheduling,  and  do  not  regard  it  as  an  especially 
Distinctive  feature. 

The  otner  variants  of  timed  transfer,  line-ups  and 
neighborhood  pulse,  are  basically  pulse  scheduling  applied  in 
aifrerent  situations.  A line-up  is  pulse  scheduling  used  in 
the  evenings  and  off-peak  hours.  A neighborhood  pulse  is  pulse 
scneduling  used  on  only  a portion  of  the  system.  Most  of  the 
operator  actions  associated  with  these  variants  are  similar  to 
those  for  pulse  scheduling.  The  major  differences  that  do 
exist  are  pointed  out  below. 

Line-ups  are  used  by  many  nonpulse  properties  in  the 
evening  or  on  weekends.  The  populations  served  by  properties 
participating  in  this  study  and  using  line-ups  range  from 
iyu,U00  up  to  l,b00,000,  with  all  but  one  over  500,000.  Most 
of  these  properties  use  a headway  of  one  hour  for  their 
line-ups,  which  is  the  same  headway  often  used  by  pulse 
properties  in  the  evening  as  well. 

Liven  that  the  term  "line-up"  conjures  up  an  image  of  a 
row  of  buses  sitting  in  a line  for  long  stretches  of  time,  it 
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IS  important  to  note  that  most  line-ups  have  no  more  than  5 to 
lu  minute  layovers.  Again,  there  may  be  some  adjustments  made 
in  routing  to  accommodate  the  schedule.  For  instance,  one 
t-roperty  reduces  some  coverage  of  outlying  suburbs,  while 
another  aads  a "Night  Loop"  to  some  routes.  Most  of  the  other 
actions  taken  by  properties  are  the  same  for  line-ups  as  for 
pulse  scheouling.  In  addition,  emphasis  may  be  placed  on  the 
fact  that  line-ups  tend  to  guarantee  that  no  one  gets  stranded 
after  the  last  trip  of  the  day. 

Tne  aifference  between  neighborhood  pulse  and  full-scale 
pulse  systems  is  the  size  of  the  system  in  which  the  pulsing 
routes  are  founa.  Vvith  neighborhood  pulse,  a set  of  local 
routes  pulse  together  to  facilitate  travel  within  a 
neighdorhooa.  Because  this  may  occur  in  areas  outside  of  the 
congestea  CBD,  neighborhood  pulse  can  be  found  in  very  large 
cities.  For  instance,  both  Portland,  Oregon,  and  Denver  are 
planning  to  implement  neighborhood  pulse  at  several  points. 

This  is  part  of  a conversion  of  their  route  structures  to  a bus 
transit  center  concept,  with  grid  instead  of  radial  routes, 
however,  neighborhood  pulse  may  be  implemented  on  any  property 
having  non-CBD  subcenters  which  are  logical  transfer  points. 

Tne  actions  requirea  to  do  this  are  quite  similar  to  the 
actions  associated  with  pulse  scheduling. 


9.3  Current  Practice  --  Rail 


Timed  transfers  between  rail  and  bus,  or  between  rail  and 
rail,  are  very  uncommon.  There  are  several  reasons  why  the 
timea  transfer  concept,  which  is  so  productive  in  many  bus/bus 
transfer  settings,  is  not  more  widely  used  in  rail.  First, 
rail  operators  are  reluctant  or  unable  to  adjust  rail  schedules 
and  ensure  that  they  will  be  adhered  to  in  the  way  that  timed 
transfers  would  require.  Second,  the  high  frequency  of  most 
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rapid  rail  lines  means  that  most  scheduling  options  designed  to 
denetit  ous  to  rail  or  rail  to  rail  transferees  are 
unprof itaole , since  the  expected  transfer  time  to  rail  is  low 
already.  Third,  and  most  important,  the  larger  spatial 
separation  for  transferring  passengers  inherent  in  rail 
requires  longer  layovers  at  the  transfer  point,  which  are 
costly,  disruptive  to  downstream  passengers  and  upstream 
operations,  inconvenient  to  through-riding  passengers,  and 
generally  difficult  to  control.  For  example,  timed  transfers 
were  considered  between  the  two  subway  lines  in  Philadelphia  in 
the  evening.  They  are  both  on  20  minute  headways,  so  headway 
adjustments  would  have  been  no  problem.  In  order  to  guarantee 
the  timed  transfer,  however,  one  train  would  have  often  been 
required  to  hold  for  five  minutes  or  more.  It  was  decided  that 
this  would  cause  too  much  disruption  and  inconvenience  for 
througn-r ioers  on  the  train  being  held. 

however,  tnere  are  some  examples  of  timed  transfers  for 
bus/raii  transfers  which  have  been  implemented  or  considered. 
For  instance,  in  Westport,  where  bus  schedules  are  coordinated 
to  feed  the  commuter  rail,  the  buses  have  recently  begun  to 
receive  a reverse  commuter  flow  in  the  morning  of  people 
getting  off  tne  train  and  taking  the  bus  to  work  in  Westport, 
hince  the  bus  and  train  are  exchanging  passengers,  this  is  the 
equivalent  of  a timed  transfer.  However,  this  timed  transfer 
does  not  currently  work  very  well  because  the  older  bus 
schedule  does  not  allow  sufficient  time  to  let  these  new 
passengers  off  at  their  stops.  That  is,  buses  often  have 
trouble  making  the  next  train  connection.'  This  may  necessitate 
schedule  changes  in  the  future. 

Another  case  of  bus/rail  timed  transfer  can  be  found  in 
New  York.  The  Metropolitan  Transit  Authority  runs  a service 
from  midtown  Manhattan  to  Kennedy  Airport  which  consists  of  a 
special  rapid  transit  train  on  20  minute  headways.  This  train 
is  met  at  a train  station  near  the  airport  by  a bus,  which  then 
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taxes  tne  passengers  to  the  airport  itself.  In  practice, 
people  can  transfer  from  the  rail  to  bus  easily,  but  the  bus 
aoes  not  always  arrive  in  time  for  people  to  transfer  from  bus 
to  rail.  Compounding  this  problem  is  the  fact  that  the  train 
cannot  hola  for  the  bus  (see  Chapter  8)  because  of  scheduling 
constraints.  Remedial  action  will  be  necessary  to  adjust  the 
DUS  route  and/or  schedule  to  ensure  better  connections. 

There  are  also  at  least  two  cases  where  rail  is  involved 
in  a bus  pulse  or  line-up.  On  the  Norristown  division  in 
ir^niiaoelphia,  four  bus  routes  pulse  hourly  (arriving  at  five 
minutes  before  the  hour,  and  leaving  three  minutes  after)  and 
are  met  by  an  interurban  train  which  lays  over  at  the  pulse 
point  for  nine  minutes.  In  Cleveland,  the  same  light  which 
signals  buses  that  a train  is  in  (see  Chapter  8)  also  controls 
a line-up  in  the  evening.  When  the  light  goes  out,  all  the 
buses  leave  together.  In  both  cases,  the  trains  may  not  be 
formally  actually  "pulsing"  with  the  buses,  but  there  is  at 
least  some  schedule  coordination  with  layovers  between  the  bus 
pulse  and  rail  which  often  allows  passengers  to  transfer  in 
Doth  directions. 

A similar  effect  may  be  found  for  all  instances  of 
Dus/rail  schedule  coordination  cited  in  Chapter  7.  Scheduling 
to  facilitate  rail  to  bus  transfers  may  also  aid  bus  to  rail 
transfers  if  the  bus  is  scheduled  to  arrive  early  enough.  This 
would  permit  bus  passengers  to  reach  the  rail  platform  and 
effectively  allow  the  bus  and  train  to  exchange  passengers, 
however,  since  there  is  no  provision  to  hold  the  train  if  the 
bus  IS  late,  such  forms  of  schedule  coordination  cannot  really 
be  considered  timed  transfers. 
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9.4  Consequences 


This  section  focuses  almost  exclusively  on  the 
consequences  of  Dus/hus  timed  transfers.  The  consequences  of 
Dus/rail  ana  rail/rail  timed  transfers,  which  are  much  less 
prevalent,  are  treated  briefly  in  a separate  subsection. 

bus  Transfers 

The  use  of  timed  transfers  does  not  inevitably  lead  to  any 
particular  set  of  consequences.  Simple  timed  transfers,  pulse 
scheauling,  line-ups,  and  neighborhood  pulse  clearly  all 
require  aifferent  levels  of  effort  and  generate  impacts  of 
different  magnitudes.  Even  within  properties  using  pulse 
scneauling,  impacts  vary  greatly  depending  on  the  required 
operator  actions.  This  wide  divergence  of  possible  impacts 
follows  directly  from  the  multiplicity  of  actions  making  up 
timed  transfers  described  above.  For  the  purpose  of  detailing 
consequences,  these  operator  actions  will  be  divided  into  the 
five  categories  in  the  previous  section:  schedule  changes, 

routing  changes,  schedule  unreliability  control,  provision  of 
space,  ana  provision  of  user  information.  The  analysis  of  each 
type  of  consequence  --  cost,  user  satisfaction,  ridership,  and 
revenue  --  will  focus  on  those  categories  of  operator  actions 
which  have  the  greatest  impact. 

Costs 

The  first  type  of  consequence  to  be  considered  is  cost. 

The  Changes  in  bus-hours  and  bus-miles  which  come  from  altering 
headways  to  match  different  routes  have  the  greatest  potential 
influence  on  cost.  In  practice  it  is  not  clear  whether  this  is 
an  important  effect.  Frequency  changes  for  simple  timed 
transfers  and  line-ups  seem  to  be  small,  especially  since 
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neaaways  in  tHe  evening  are  often  fixed  by  policy.  Frequency 
changes  for  pulse  scheduling  and  neighborhood  pulse  are 
potentially  significant,  but  it  is  impossible  to  tell  in 
general  wnether  frequencies  will  be  raised,  lowered,  or  both  on 
any  particular  property.  In  practice,  pulse  properties  appear 
to  have  somewhat  longer  peak  headways  than  comparable  nonpulse 
properties,  and  somewhat  shorter  base  headways.  The  operator 
may  feel  that  because  of  reduced  transfer  time,  he  can  raise 
the  heaaways  during  the  peak  and  still  provide  a comparable 
overall  level  of  service.  Alternatively,  he  may  decide  to 
laaintain  the  peak  headway  to  accommodate  work  riders,  and  raise 
the  base  frequency  accordingly.  In  general,  the  pulse 
properties  participating  in  this  study  do  not  attribute  major 
cost  consequences  to  frequency  changes  mandated  by  the  use  of 
rimed  transfers.  Because  of  site-specific  factors,  though,  it 
IS  not  possible  to  anticipate  tne  direction  or  magnitude  of  the 
changes  in  service  frequency  needed  to  implement  pulse  in 
current  nonpulse  cities.  These  impacts  must  be  assessed  on  the 
basis  of  the  policies  selected  by  the  operators  and  the 
preexisting  scheaule. 

Tne  systematic  dollar  cost  differences  that  exist  between 
pulse  and  nonpulse  properties  stem  mainly  from  extra  layover 
time  Duilt  into  the  schedule  to  ensure  schedule  reliability, 
because  timea  transfers  are  based  on  guaranteeing  that  buses 
will  meet,  more  system  resources  are  devoted  to  tnis  end.  As 
extra  layovers  are  built  into  the  system,  two  distinct  effects 
can  occur.  VUtn  a greater  fraction  of  vehicle  time  spent  idle, 
costs  as  estimated  on  a per  mile  basis  will  increase  due  to  the 
aecrease  in  VMT.  Actual  total  operating  costs  may  decrease  due 
to  savings  in  bus  running  costs  (if  no  more  buses  are  added). 
The  conflict  between  these  indicators  and  the  small  expected 
size  of  the  impact  are  compatible  with  the  indecision  of  many 
operators  concerning  the  overall  cost  impacts  of  pulse 
scneaul ing . 
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A cost  of  pulse  scheduling  which  can  be  significant  is  the 
cost  for  the  street  space  used  by  the  pulsing  buses.  This  cost 
is  not  normally  a direct  financial  burden  on  the  operator  in 
tne  usual  sense.  however,  street  space  consumption  by  the 
buses  can  cause  an  increase  in  traffic  congestion  and  a 
reauction  in  parking  meter  revenues  as  well  as  aesthetic 
proolems.  These  costs  are  not  borne  by  the  transit  operator, 
but  may  have  to  be  taken  into  account  when  deciding  whether  or 
not  to  implement  pulse  scheduling. 

User  Satisfaction 

user  satisfaction  for  transferring  passengers  increases 
significantly  almost  any  time  any  type  of  timed  transfer  is 
used.  however,  there  are  factors  which  appear  to  influence  the 
aegree  of  change  in  user  satisfaction.  These  factors  are 
service  reliability,  comprehensibility,  frequency  and,  to  a 
lesser  degree,  coverage. 

Reliability  is  the  key  element  in  determining  whether  user 
satisfaction  increases  sharply  with  timed  transfers.  If  riders 
are  ensured  of  a very  high  probability  of  making  their 
connection,  both  the  average  transfer  wait  time  and  variance  of 
transfer  wait  time  will  go  down.  The  variance  is  especially 
important  because  one  bad  experience  can  counteract  the  effects 
of  a large  number  of  good  ones.  Missing  connections  on  simple 
timea  transfers  and  line-ups,  with  their  long  headways,  leads 
to  particularly  long  transfer  wait  times.  Therefore,  operator 
actions  to  ensure  a high  degree  of  reliability  of  making 
connections  are  essential  for  a large  gain  in  user 
satisfaction. 

Comprehensibility  of  the  system  is  a second  important 
factor  in  user  satisfaction.  If  an  operator  makes  riders  aware 
of  the  timed  transfers,  then  the  system  is  easier  to  understand 
and  use.  Riaers  who  want  to  transfer  need  not  worry  when  the 
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connecting  bus  will  arrive  at  the  transfer  point.  Schedules 
are  simplified  ano  made  less  confusing.  This  gain  in 
comprehensibility  applies  to  simple  timed  transfers,  line-ups, 
and  neighbornood  pulse  as  well. 

trequency  also  affects  user  satisfaction  with  timed 
transfers;  however,  its  effect  is  essentially  inverse.  High 
frequencies  lead  to  low  average  transfer  wait  times,  even 
without  timed  transfers,  so  the  implementation  of  timed 
transfers  would  have  a reduced  positive  effect  on  user 
satisfaction.  On  the  other  hand,  low  frequencies  mean  that 
timea  transfers  can  have  a large  positive  impact  on  average 
transfer  wait  time,  and  hence  on  user  satisfaction.  Simple 
timed  transfers  and  line-ups,  which  are  typically  utilized  at 
times  of  low  bus  trequency,  are  thus  more  likely  to  increase 
user  satisfaction  greatly.  It  should  be  emphasized  that  this 
relationship  with  trequency  focuses  on  the  change  in  user 
satisfaction  induced  by  timed  transfers.  The  overall  level  of 
user  satisfaction  would  typically  be  higher  with  high 
frequencies . 

The  final  factor,  coverage,  is  less  significant  than  the 
first  tnree  in  determining  user  satisfaction.  From  the 
description  of  possible  operator  actions  in  Section  9.2,  it  is 
clear  that  operators  often  adjust  routings  to  accommodate  pulse 
scheduling  or  line-ups.  For  each  route  these  changes  can 
affect  the  overall  coverage  on  the  outlying  portions  of  the 
routes,  the  streets  used  to  reach  the  downtown  terminal  point 
in  the  allocated  running  time,  or  the  location  of  the  terminal 
point  itself.  In  practice,  pulse  scheduling  and  line-ups  have 
had  little  effect  on  coverage  of  outlying  areas.  However,  in 
at  least  two  cases  adjustments  to  the  terminal  location  of  the 
pulse  point  affected  the  level  of  service  available  to  both 
transferring  and  nontransferring  passengers.  In  Brockton,  the 
off-street  transfer  facility  was  located  several  blocks  away 
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trom  the  previously  used  pulse  point,  which  had  been  closer  to 
the  center  of  town.  This  led  to  a net  increase  in  the 
Distances  that  many  people  had  to  walk  to  access  transit.  In 
Lafayette,  when  the  dual  pulse  point  system  was  instituted, 
people  who  had  formerly  traveled  on  one  bus  from  the  west  side 
of  town  to  the  CBD  were  compelled  to  transfer,  thus  reducing 
their  level  of  service.  In  general,  though,  coverage  in  the 
context  of  tiraea  transfers  seems  to  have  been  affected  in  only 
a minor  way. 

It  is  important  to  consider  how  changes  in  user 
satisfaction  affect  different  groups.  Geographically,  the  four 
categories  of  timed  transfers  inherently  have  different 
consequences  for  different  groups  of  riders.  Simple  timed 
transfers  only  increase  user  satisfaction  for  the  individuals 
transferring  between  two  particular  routes.  Likewise,  the 
effects  of  neighborhood  pulse  are  restricted  to  riders  in  a 
particular  area.  Line-ups,  typically  systemwide,  only  have 
consequences  for  people  traveling  during  off-peak  hours. 
Finally,  pulse  scheauling  will  affect  the  user  satisfaction  of 
almost  all  riders. 

For  pulse  scheduling,  both  market  surveys  and  operator 
opinions  indicate  that  elderly,  young,  and  frequent  transferees 
experience  the  highest  gain  in  user  satisfaction  from  pulse 
scheduling.  In  particular,  pulse  scheduling  makes  transferring 
much  less  onerous  for  the  elderly.  On  the  other  hand,  riders 
making  peak-hour  work  trips  seem  to  have  much  less  of  a gain 
trom  pulse  scheduling  due  to  the  heavily  radial  nature  of  their 
trips . 


Ridership 

Simple  timed  transfers  or  line-ups  clearly  do  not  produce 
large  rioership  gains,  since  the  typically  long  headways  on  the 
originating  leg  remain  an  important  determinant  of  ridership. 
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On  tne  otner  nanci,  some  properties  have  experienced  substantial 
increases  in  riaership  due  to  the  use  of  pulse  scheduling, 
however,  it  should  be  noted  that  many  of  these  properties 
institutea  orner  service  improvements  simultaneously  with  the 
pulse  scheduling. 

In  ErocKton,  for  example,  ridership  increased  six-fold  at 
a time  when  VMT  was  increased  four-  to  five-fold.  Since  only 
25  percent  of  passengers  now  transfer,  and  the  reliability  of 
service  has  drastically  improved,  a reasonable  estimate  of  the 
increase  in  ridership  directly  attributable  to  pulse  scheduling 
may  be  on  the  order  of  10  percent  of  current  ridership. 

This  estimate  is  substantiated  by  the  experience  of 
Superior,  Vvisconsin,  where  ridership  rose  10  to  12  percent  with 
the  advent  of  pulse  scheduling  and  no  other  important  changes 
in  service.  However,  several  pulse  operators  (including  those 
in  Everett  ano  Lewiston)  see  no  definite  link  between  pulse 
scheduling  and  ridership. 

In  addition  to  shorter  wait  times  at  transfer  points, 
there  are  other  features  of  a pulse  schedule  system  which 
induce  ridership.  First,  reliability  is  very  important  in 
attracting  riaership.  Providing  user  information  which 
increases  the  comprehensibility  of  the  system  for  infrequent 
riders  and  nonriders  also  seems  to  be  a key  factor  in 
attracting  riaership.  However,  the  origin-destination  patterns 
of  the  property  are  probably  more  important  than  either  of 
tnese  in  determining  the  ridership  consequences  of  pulse 
scheduling.  For  example,  trip  attractors  outside  the  CBD  must 
exist  tor  pulse  scheduling  to  increase  the  amount  of 
transferring . 

As  in  previous  chapters,  it  is  possible  to  construct 
examples  of  how  ridership  changes  due,  in  this  case,  to 
implementing  pulse  scheduling.  The  characteristics  of  pulse 
properties  are  well-specified,  and  the  option  affects  all 
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transferees  equally.  Consider  a small  property,  where  all 
routes  meet  at  one  point,  all  have  headways  of  30  minutes,  and 
tne  overall  transfer  rate  is  20  percent.  Before  pulse 
scheduling,  the  average  out-of-vehicle  time  for  transferring 
passengers  will  be  30  minutes  (15  minutes  transfer  time,  plus 
15  minutes  initial  walk  and  wait  time  and  final  walk  time), 
witn  pulse  scneduling,  transfer  time  will  drop  to  5 minutes, 
for  a total  average  out-of-vehicle  time  of  20  minutes. 

under  this  scenario,  the  increase  in  ridership  due  to 
pulse  scneouling  can  be  calculated  in  two  different  ways.  The 
first  way  utilizes  the  -.7  elasticity  of  demand  with  respect  to 
out-of-vehicle  time.^  Since  with  pulse  scheduling 
out-of-vehicle  time  for  transferees  drops  by  33  percent,  the 
number  of  transferring  passengers  will  rise  by  23  percent  (.33 
X .7).  If  the  initial  transfer  rate  was  20  percent,  the 
overall  rioership  will  rise  by  4.6  percent  (.23  x .20).  The 
new  transfer  rate,  24  percent,  is  consistent  with  the  results 
presented  in  Figure  4-1,  which  showed  that  the  average  transfer 
rate  of  pulse  properties  was  approximately  27  percent.  That 
IS,  we  may  expect  properties  to  adopt  timed  transfer  if  they 
already  have  higher  than  average  (20  percent)  numbers  of 
passengers  transferring,  or  if  they  have  non-CBD  transit  type 
destinations  which  would  be  well  served  by  timed  transfer. 

Also,  the  4.6  percent  increase  in  ridership  with  timed  transfer 
in  the  above  example  does  not  take  into  account  the  change  in 
overall  user  perception  of  the  system  as  conducive  to  reliable 
transferring.  There  appears  to  be  a belief  shared  by  several 
pulse  operators  that  timed  transfers  at  the  downtown  terminal 
promote  a comprehensible,  easily  "imaged"  and  popularly 
supported  system  that  leads  to  more  riding  than  simple 
reductions  in  waiting  time  between  two  connecting  lines  would 
suggest. 


^Domencich,  Kraft,  and  Valette,  o£.  cit . 
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A secona  elasticity-based  metnod  for  predicting  the 
E'icisrship  consequences  of  pulse  scheduling  uses  the  pre-BART 
aggregate  demand  elasticity  for  San  Francisco  ridership  with 
respect  to  transfer  time  (only)  calculated  by  McFadden  (1974) 
or  -.26.  For  the  above  example,  this  yields  an  overall 
riaership  increase  of  approximately  17  percent  (.67  reduction 
in  transfer  time  x .-26).  It  should  be  noted  that  this 
increase  may  be  equated  in  the  above  example  to  an  elasticity 
of  -2.b  for  all  out-of -vehicle  time  alone  [17/20  percent  x 
.33J.  There  is  support  for  bus  service  elasticities  this  high 
unaer  conaitions  of  infrequent  service  (e.g.,  comparable  to 
long  waits  at  transfer  points  — pre-pulse)  and  relatively  high 
fares . ^ 

In  any  event,  5 to  17  percent  appears  to  be  a reasonable 
range  for  tne  ridership  effects  of  pulse  scheduling.  The 
Higher  increases  would  be  more  likely  for  systems  which 
increasea  service  reliability  at  the  same  time  and/or  which  had 
the  potential  for  significant  riding  to  nondowntown  terminal 
locations  because  of  the  presence  of  major  attractors  for 
discretionary  trips  or  trips  by  the  elderly  to  dispersed 
aes tinations . 


^Carstens  and  Csanyi  derived  estimates  of  price  and 
service  elasticities  under  various  price  and  service  levels  for 
13  urban  bus  systems  in  Iowa  using  annual  data  from  1955  to 
1965.  R.  L.  Carstens  and  L.  H.  Csanyi,  "A  Model  for 
Estimating  Transit  Usage  in  Cities  in  Iowa,”  HRB  Record  213, 
i960.  Their  results  are  further  analyzed  in  Public 
Transportation  Fare  Policy , prepared  for  U.S.  DOT  by  Peat, 
Marwick,  Mitchell  and  Co.,  May  1977,  pp.  III. 40  to  III. 44. 
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Revenue 

The  revenue  consequences  of  timed  transfers  follow 
Qirectly  from  rioership  consequences,  as  long  as  the 
aistinctions  between  groups  paying  different  fares  are 
observed.  The  key  question  is  whether  the  revenue  gained  from 
increased  riaership  covers  the  cost  of  setting  up  a reliable 
pulse  schedule  system.  This  question  can  be  addressed  in  a 
purely  hypothetical  case  using  the  above  example.  Consider 
again  the  small  property  with  30-minute  headways  and  without 
pulse  scheduling.  To  implement  pulse  scheduling  and  attract 
rioership,  reliability  must  be  increased  by  adding  layover 
time.  Assume  this  added  layover  time  to  be  5 minutes  added  to 
the  55  minutes  previous  running  plus  layover  time  (two  buses  on 
each  route) . 

In  this  example,  assume  pulse  scheduling  is  to  be 
implemented  at  no  additional  operating  cost.  Therefore,  VMT 
must  be  decreased  proportionally  — that  is,  by  9 (or  5/55) 
percent.  (In  fact,  the  decrease  may  be  slightly  less  because 
layovers  decrease  mileage-related  costs.)  Using  the  typical 
bus  VMT  service  demand  elasticity  of  -0.7  yields  a VMT-related 
decrease  in  ridership  of  6.3  percent.  This  ridership  decrease 
would  probably  be  less  because  the  VMT  change  took  place  at  the 
ends  of  the  routes  in  low-density  areas.  Whether  5.0  percent 
or  b.3  percent,  this  decrease  in  ridership  from  the  added 
layover  time  is  at  the  low  end  of  the  range  of  the  above 
estimated  pulse  schedule-induced  ridership  increase.  Hence,  a 
no-cost  implementation  of  pulse  scheduling  under  this  scenario 
may  still  attract  additional  ridership,  and  be  a productive 
option  in  this  situation. 

It  is  very  important  to  note  that  the  actual  cost  and 
ridersnip  effects  of  timed  transfers  in  any  real  application 
depend  heavily  on  policies  undertaken  by  the  operator  to 
equalize  headways,  provide  adequate  space  for  all  buses  to 
meet,  etc.  The  site-specific  nature  of  all  of  these  factors 
makes  it  impossible  to  generalize  results  except  to  say  that 
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many  operators  believe  that  timed  transfers  of  some  sort  are 
Che  most  efticient  means  available  to  provide  improved  levels 
of  service  unaer  many  circumstances. 

Kail  Transfers 

Due  to  the  limited  number  of  applications  of  bus/rail  or 
rail/rail  tiined  transfers,  this  subsection  will  use  the 
information  presented  in  Section  9.3  to  estimate  the 
consequences  of  simple  timed  transfers  between  rail  and  bus  or 
rail.  Sucn  a timed  transfer  would  be  much  more  costly  and 
Qisruptive  than  a bus/bus  timed  transfer  because  it  would 
require  longer  layovers  to  guarantee  a reliable  connection. 

That  is,  the  spatial  separation  for  bus/rail  and  rail/rail 
transfers  is  typically  longer  than  for  bus/bus  transfers, 
(except  in  selected  cases  of  commuter  rail  and 

across-the-platf orm  transfers) , necessitating  more  time  for  the 
vehicles  to  exchange  passengers. 

The  increase  in  user  satisfaction  with  bus/rail  or 
rail/rail  timed  transfers  will  not  be  as  great  as  with  bus/bus 
timea  transfers,  due  to  the  typically  higher  frequency  of  rapid 
rail  lines.  Almost  all  bus  pulses  are  on  a half-hour  headway, 
wnile  rail  heaaways  are  usually  shorter.  Hence,  passengers 
utilizing  a timed  transfer  to  transfer  to  rail  will  benefit 
less  than  passengers  utilizing  a timed  transfer  (bus/bus  or 
Dus/rail)  to  transfer  to  a bus. 

how  ridership  woula  increase  with  bus/rail  or  rail/rail 
timed  transfers  cannot  be  stated  in  general  terms.  As  noted 
earlier,  the  reliability  of  the  connection  is  an  important  part 
of  attracting  ridership.  It  is  not  clear  that  high  reliability 
can  in  general  be  achieved  for  bus/rail  or  rail/rail  timed 
transfers,  given  the  difficulty  of  coordinating  two  spatially 
separatea  vehicles,  possibly  under  the  control  of  two  different 
operating  authorities.  Even  between  buses,  simple  timed 
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revenue 


transfers  ao  not  have  a significant  ridership  effect. 
Tnerefore,  it  can  be  concluded  that  the  ridership  and 
consequences  of  bus/rail  or  rail/rail  timed  transfers  are 
positive,  but  in  most  situations  will  not  be  large. 

9.5  Synthesis 


This  section  outlines  possible  criteria  for  determining 
where  timea  transfers  are  applicable.  Almost  all  the  material 
refers  to  bus/bus  timed  transfers,  although  there  is  a limited 
Discussion  of  the  appropriate  settings  for  bus/rail  and 
rail/rail  timed  transfers.  It  should  be  emphasized  that  due  to 
the  importance  of  site-specific  factors,  this  section  can  only 
proviae  general  guidelines,  rather  than  strict  rules. 

ir-roperty  size  is  the  principal  criterion  for  bus/bus  timed 
transfer  applicability.  Properties  with  less  than  400,000 
people  in  the  service  area  are  generally  able  to  use  pulse 
scheauling  at  their  main  transfer  point.  On  the  other  hand, 
larger  properties  often  have  line-ups,  but  do  not  have  pulse 
scheauling.  Simple  timed  transfers  generally  can  be  used  on 
any  system,  though  they  are  more  likely  to  be  found  on 
medium-size  properties.  This  is  because  small  properties  do 
not  usually  have  significant  outlying  transfer  points,  and 
large  properties  have  more  complex  systems  for  which  the 
scheduling  of  several  simple  timed  transfers  may  not  seem  worth 
the  effort.  Finally,  neighborhood  pulse  is  applicable  to  any 
system  with  subcenters  which  serve  as  logical  pulse  points. 

Several  factors  affect  the  applicability  of  timed 
transfers.  The  first  is  scheaule  reliability,  which  is  very 
important  for  increasing  user  satisfaction.  A "disintegrating 
pulse"  where  people  cannot  be  assured  of  meeting  their  bus 
eliminates  the  rationale  behind  the  pulse  system.  Hence, 
cities  which  have  problems  with  adhering  to  schedules  would 
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have  difticuity  using  timed  transfers  in  general,  and  pulse 
scneauling  in  particular.  Also,  on  large  properties  with 
severe  scheaule  adherence  problems,  increasing  user 
satisfaction  via  timed  transfers  would  tend  to  be  prohibitively 
expensive.  This  is  one  reason  why  large  properties  tend  not  to 
use  pulse  scheduling  auring  the  day,  and  instead  concentrate  on 
times  When  schedules  are  more  reliable. 

Service  frequency  also  influences  the  applicability  of 
timea  transfers.  At  high  enough  frequencies  (e.g.,  15  minutes) 
the  crop  in  average  transfer  time  attributable  to  timed 
transfers  is  not  significant  enough  to  substantially  increase 
user  satisfaction  and  begin  to  offset  the  added  costs  of  timed 
transfers  in  the  centers  of  congested  cities  (e.g.,  street 
space,  congestion,  etc.).  Since  larger  properties  tend  to  have 
high  service  frequencies  even  during  the  day,  this  constrains 
the  applicability  of  pulse  scheduling  and  possibly  neighborhood 
pulse  as  well.  Viith  low  frequencies  in  the  evening,  line-ups 
can  be  used  anywhere.  On  the  other  hand,  low  frequencies  limit 
the  amount  of  riaership  which  timed  transfers  can  attract. 

The  same  reasoning  underlying  the  effects  of  these  factors 
on  the  applicability  of  timed  transfers  for  buses  can  be 
appliea  to  bus/rail  and  rail/rail  timed  transfers.  These 
Options  can  therefore  only  be  used  in  the  evening  or  on 
commuter  rail,  when  rail  frequencies  are  low,  and  the 
reliability  of  transfers  must  be  guaranteed  without  excessively 
costly  layovers.  Transfer  reliability  is  enhanced  if  there  are 
across-the-platf orm  transfers,  or  buses  which  are  dedicated  to 
meeting  the  train. 

For  bus/bus  timed  transfers,  space  limitations  on  the 
number  of  buses  which  can  meet  have  an  important  influence  on 
its  applicability.  Twelve  buses  at  a time  is  average  for  pulse 
scheduling,  with  neighborhood  pulse  having  somewhat  fewer  and 
line-ups  somewhat  more.  Large  properties  often  have  more  than 
12  buses  arriving  during  peak  and  base  periods.  The  difficulty 


203 


o£  finaing  a place  in  a congested  area  where  all  the  buses  can 
meet  also  explains  why  large  properties  avoid  daytime  pulses, 
resorting  insteaa  in  some  cases  to  line-ups  in  the  evening  when 
tnere  is  a less-congested  CBD.  Moreover,  even  if  there  is  a 
place  to  meet,  the  distance  between  buses  will  exert  a very 
significant  effect  on  the  transfer  time. 

Given  tnese  size-related  reasons  why  pulse  is  implemented 
only  in  small  properties  and  line-ups  are  implemented  only  in 
large  properties,  it  is  appropriate  to  outline  reasons  why 
utilization  of  pulse  varies  among  small  cities.  Widely 
Qispersea  origins  and  significant  numbers  of  non-CBD 
oestinations  indicate  candidates  for  pulse  scheduling. 
Geographic  layout  --  having  the  CBD  in  the  center  of  the 
service  area,  for  instance  --  can  make  scheduling  easier, 
however,  the  most  influential  factor  seems  to  be  a political 
climate  in  wnicn  transit  innovation  can  occur.  If  political 
factors  determine  the  level  of  service  allocated  to  different 
areas,  pulse  scheauling  may  not  be  politically  feasible.  This 
type  of  constraint  must  be  aaaressed  on  a case-by-case  basis. 

however,  it  the  political  climate  is  conducive  to  a major 
Change  ana  revamping  of  service,  pulse  scheduling  is  a 
politically;  attractive  alternative.  It  also  has  the  potential 
of  being  a cost-effective  way  of  increasing  service  and 
riaersnip  without  necessarily  increasing  operating  costs. 
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Chapter  10 
SCHEDULE  ADHERENCE 

10.1  Introduction 

Schedule  adherence  is  an  important  aspect  of  the  overall 
level  of  service  supplied  by  transit  properties  and  affects  all 
riaers  on  the  system.  however,  the  impact  of  schedule 
adherence  on  transferring  passengers  can  be  isolated  and 
stuaied  without  losing  sight  of  the  much  larger  overall 
effects.  This  cnapter  focuses  only  on  transfer-related  issues 
connected  with  schedule  adherence. 

Section  10.2  reviews  briefly  the  major  causes  of  bus 
scheaule  aaherence  problems  found  in  different  cities.  Section 
10.3  compares  the  schedule  adherence  of  rail  to  the  schedule 
adherence  of  buses  on  the  rail  properties  participating  in  the 
study.  Section  10.4  explores  the  consequences  of  schedule 
unreliability  for  transferring  passengers,  while  Section  10.5 
concentrates  on  the  interactions  between  service  reliability 
and  other  transfer  policy  components.  Schedule  unreliability 
is  found  to  be  a ma^or  constraint  on  the  components  that  can  be 
utilized  in  a system's  overall  transfer  policy. 
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10.2  Current  Practice 


Bus 


Nearly  every  property  has  some  problems  with  bus  schedule 
adherence,  though  these  problems  vary  widely  in  magnitude 
between  sites.  During  peak  hours  some  properties  experience 
heaaway  variance  greater  than  the  headway  itself,  while  other 
properties  are  on  schedule  98  percent  of  the  time.  The  causes 
of  schedule  unreliability  also  differ  markedly  among 
properties . 

The  most  common  cause  of  schedule  adherence  problems  is, 
of  course,  traffic  congestion.  This  happens  mainly  during 
aiternoon  peax  hours,  starting  as  early  as  3:00  p.m.,  and  to  a 
lesser  extent  during  morning  peak  hours.  Delays  incurred  when 
picking  up  passengers  constitute  another  important  cause  of 
scheauie  unreliability.  Because  passengers  have  to  enter  a bus 
through  a narrow  space,  and  usually  pay  as  they  enter, 
variation  in  aemand  which  affects  dwell  time  can  disrupt  the 
schedule . 

Two  ratner  unusual  reasons  for  schedule  unreliability  are 
also  citea  frequently  by  transit  operators.  In  many  cities, 
buses  experience  substantial  interference  from  freight  trains 
at  graae  crossings.  These  trains  sometimes  engage  in  switching 
operations  across  tne  bus  routes,  leading  to  chronic  lengthy 
oelays.  Several  operators  also  find  that  breakdowns  of  new 
buses  account  for  a large  proportion  of  schedule  unreliability. 
These  probleAiS  have  a substantial  effect  on  at  least  some 
properties . 

When  a bus  falls  behind  schedule  for  any  reason,  there  is 
a tenaency  for  its  schedule  adherence  to  continue  to 
Deteriorate  because  of  "bunching".  This  occurs  because  of 
changes  in  the  numbers  of  passengers  boarding  the  bus  as  a 
result  of  the  effective  change  in  headways  between  buses.  When 
a bus  experiences  an  unscheduled  delay,  passengers  continue  to 
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arrive  at  "downstream"  stops,  further  increasing  the  run  time 
as  aescribea  above.  As  the  bus  takes  more  time  to  traverse  the 
route,  the  effective  headway  between  it  and  the  following  bus 
aecreases.  Since  the  following  bus  encounters  fewer  waiting 
passengers,  it  traverses  the  route  more  quickly.  In  the  limit, 
in  the  absence  of  remedial  actions  the  buses  meet  or  "bunch," 
increasing  the  variance  in  wait  time  experienced  by  passengers 
along  the  route. 

It  is  beyond  the  scope  of  this  study  to  analyze  and 
evaluate  the  many  remedial  actions  for  schedule  unreliability 
whicn  have  been  suggested.  ^ Traffic  engineering  measures  such 
as  preferential  signals  and  reserved  lanes  can  be  used  to 
reauce  or  avoid  traffic  congestion.  Time  points,  using 
radio-based  or  automatic  vehicle  monitoring,  can  be  used  with 
appropriate  holding  strategies  to  keep  buses  from  running  ahead 
of  scheaule  and  control  bunching.  New  York  City,  for  instance, 
IS  planning  to  install  an  automatic  vehicle  monitoring  system 
tor  this  purpose  in  part  of  its  bus  system.  Skip-stopping 
with  passing  can  also  be  an  effective  strategy  for  dealing  with 
bunching.  Finally,  properties  experiencing  bus  breakdowns  or 
excessive  delays  can  have  spare  buses  on  hand  to  insert  on  a 
route.  Clearly,  there  are  a variety  of  strategies  which  could 
be  undertaken,  each  of  which  entails  operator  effort  and  has 
costs  and  benefits  to  transferring  and  nontransferring 
passengers  alike. 


^For  example,  see  TSC  Staff  Study,  Transit  Service 
Reliability , by  Mark  Abkowitz,  Howard  Slavin,  Robert  Waksman, 
Larry  Englisher  and  Nigel  Wilson,  March  1978,  Section  6. 
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lu.  3 


Current  Practice 


Rail 


Rail  properties  also  have  significant  problems  with 
scheoule  aaherence.  In  many  ways,  though,  rail  schedule 
aaherence  is  less  important  than  bus  schedule  adherence  for 
transferring  passengers.  Rail  rapid  transit  typically  runs  on 
very  short  heaaways  during  peak  hours,  so  that  waiting  time 
Detween  trains  is  short.  In  fact,  many  properties  do  not  give 
out  exact  scneaule  information  for  rail  transit  during  the  peak 
hours,  indicating  only  tnat  trains  arrive  "every  5 minutes  or 
less . " 


Also,  transferring  passengers  at  rail  stations  may  have 
more  opportunities  to  engage  in  productive  activities  (e.g., 
snopping),  and  experience  a higher  level  of  comfort  due  to  rail 
station  facilities  than  their  bus  counterparts. 

Rail  service  itself  tends  to  be  more  reliable  than  bus  due 
to  its  use  of  an  exclusive  right-of-way.  While  variations  in 
aemana  may  still  cause  changes  in  dwell  time,  the  fact  that 
traffic  congestion  and  signals  generally  have  no  effect  on  rail 
operations  tenas  to  produce  more  reliable  service.  The 
exceptions  to  this  are  caused  for  the  most  part  by  hardware 
reliability  problems  and  the  inherent  limitations  of  fixed 
guideways.  If  a train  breaks  down  or  is  excessively  delayed. 

It  is  often  not  possible  to  keep  it  from  blocking  other  trains 
on  the  route  for  a considerable  period  of  time.  Since 
equipment  failure  can  occur  on  all  types  of  properties,  a given 
rail  operation  may  not  be  more  reliable  than  bus  service. 
Indeed,  many  commuter  rail  operations  which  utilize 
aeteriorating  rolling  stock  and  track  which  requires  frequent 
maintenance  provide  less  reliable  service  than  parallel  or 
feeder  buses. 

To  the  extent  that  the  rail  system  operates  on  long 
neaaways  and  utilizes  failure-prone  equipment,  reliability  may 
De  at  least  as  big  a problem  as  it  is  for  buses.  Overall, 
however,  service  reliability  is  less  of  an  issue  for  rail  than 
for  bus  in  the  context  of  transfer  policies. 
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10.4  Consequences 


Bus  Transfers 


User  Satisfaction 

bcheaule  adherence  of  the  connecting  bus  affects  the 
satisfaction  of  transferees  in  three  ways.  First,  the  variance 
ot  transfer  wait  time  increases  (by  definition)  as  the  schedule 
reliability  of  the  connecting  route  decreases.  Since  variance 
of  transfer  wait  time  is  a component  of  transfer  level  of 
service,  user  satisfaction  goes  down  as  variance  increases, 
becona,  to  the  extent  that  schedule  unreliability  makes  it 
aifficult  or  impossible  to  schedule  arrivals  at  transfer  points 
to  minimize  transfer  waiting  time,  this  also  decreases  user 
satisfaction. 

The  third  effect  is  more  subtle.  Schedule  unreliability 
leads  to  unequal  headways  between  different  buses  on  a route. 
Passengers  waiting  to  transfer  are  more  likely  to  arrive  during 
the  longer  headways,  which  means,  on  average,  they  have  longer 
to  wait.  Bence,  expected  transfer  wait  time  increases  with 
schedule  unreliability  even  if  average  headways  stay  the  same. 
This  "random  incidence  paradox”  is  another  reason  why  transfer 
user  satisfaction  drops  as  schedule  unreliability  increases. 

This  crop  in  user  satisfaction  applies  equally  to  transferring 
and  nontransferring  riders  alike. 

In  terms  of  market  segments,  passengers  transferring  on 
their  journey  to  work  are  most  likely  to  have  their  user 
satisfaction  negatively  impacted  by  schedule  unreliability.  Work 
trips  typically  have  a prespecified  arrival  time.  Transfer  time 
variance  which  causes  passengers  to  miss  their  work  starting 
times  or  schedule  a large  amount  of  slack  time  for  their  travel 
so  that  they  arrive  early  most  of  the  time  lowers  user 
satisfaction  considerably.  The  user  satisfaction  of  elderly 
transferees  is  also  reduced  by  schedule  unreliability,  since  they 
generally  place  a high  disutility  on  long  transfer  times  which 
are  tiring  and  stressful. 
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Riaership  and  Revenue 

Riaership,  and  hence  revenue,  from  transferring  passengers 
can  Pe  expected  to  Decrease  with  user  satisfaction  as  schedule 
aanerence  decreases.  Schedule  unreliability  may  cause  current 
transit  riders  to  stop  transferring  or  not  ride  at  all  because 
they  would  have  to  transfer  to  an  unreliable  bus.  Operators 
are  generally  unsure  about  the  magnitude  of  these 
transfer-related  ridership  effects.  It  should  be  noted  that 
transit  service  reliability  (e.g.,  "arrive  when  planned") 
usually  ranks  as  the  most  important  level-of-service  attribute 
(or  second  to  "arrive  without  accident")  in  transit  attitudinal 
studies.^  However,  measurement  problems  have  precluded  using 
reliability  as  a variable  in  any  (modeling)  study  to  date  which 
would  allow  a quantitative  estimate  of  the  effect  of 
reliability  on  transit  patronage  to  be  made. 

Costs 

A detailed  examination  of  the  costs  of  various  remedial 
actions  for  schedule  unreliability  is  outside  the  scope  of  this 
study.  It  is  clear  that  strategies  such  as  having  extra  buses 
standing  by  tor  insertion  into  the  schedule  at  terminal  or 
intermediate  points  leads  to  the  largest  increase  in  costs, 
while  Skip-Stopping  and  first-bus  passing  involve  little  or  no 
additional  cost.  A complete  analysis  of  all  of  the 
consequences  of  these  strategies  is  well  worth  a study  of  its 
own,  as  well  as  experiments  and  demonstrations.^ 

^See,  for  example,  Stanley  J.  Hille  and  Theodore  K. 

^iartin,  "Consumer  Preference  in  Transportation,"  HRB  Record 
ly?  (1967). 

^See  Sections  3,  6,  and  7 in  Abkowitz  ^ jl.*  / ££•  cit . 
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Rail  Transfers 


Tne  above  discussion  of  the  consequences  of  bus  service 
unreliability  applies  in  its  entirety  to  rail  service 
unreliability  as  well.  In  addition,  there  is  one  effect  of 
rail  service  unreliability  which  occurs  at  stations  where  bus 
service  is  schedule-coordinated  with  outbound  commuter  rail 
service  in  the  evening.  In  this  case  rail  unreliability  may 
cause  a diversion  of  riders  who  would  otherwise  be  picked  up  at 
the  station  by  automobiles  to  buses.  This  effect  occurs 
because  of  the  reluctance  of  the  potential  auto  driver  to  meet 
a train  which  may  be  indefinitely  late  in  the  presence  of  a 
reliable  bus  service  alternative. 

10.5  Synthesis 

The  tradeoff  between  the  costs  and  benefits  of  improving 
service  reliability  must  consider  both  transfer-  and 
nontransfer-related  benefits.  The  direct  transfer-related 
benefits  of  reduced  transfer  variance  and  expected  transfer 
wait  time  are  almost  always  dominated  by  the  nontransfer 
effects.  Therefore,  the  direct  transfer-related  benefits  of 
improving  schedule  reliability  are  comparatively  less  important 
in  the  decision  to  implement  reliability  control  strategies. 

Nevertheless,  there  can  be  significant  indirect 
transfer-related  benefits.  In  the  case  of  a simple  bus/bus 
timed  transfer,  for  example,  if  the  originating  bus  is  late, 
then  the  transfer  cannot  be  made  without  holding  the  connecting 
bus  (see  Dynamic  Control,  Chapter  8).  Thus,  service 
reliability  is  necessary  for  timed  transfers  to  work,  and  an 
improvement  in  reliability  will  decrease  the  operator  effort 
and  costs. 

This  principle  holds  for  many  transfer  options  which 
depend  on  having  at  least  a minimum  level  of  schedule 
coordination  to  maximize  their  user  satisfaction  impacts  and 
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minimize  tneir  cost  impacts.  As  outlined  in  the  previous 
chapter,  pulse  scheduling  can  only  attract  ridership  if  the 
transrerring  passenger  can  be  assured  of  making  his  connection, 
unuer  aynamic  control  a bus  can  wait  only  about  5 minutes 
before  the  strategy  becomes  infeasible  due  to  operational 
perturbation  ana  the  costs  of  extra  layovers.  To  be  effective, 
scneaule  cooraination  of  bus/rail  and  rail/rail  transfers  as 
well  as  bus/Dus  transfers  also  depends  on  service  reliability. 

Scheaule  unreliability  is  thus  a major  constraint  on  the 
transfer  components  that  can  be  utilized  in  a transit 
property's  overall  transfer  policy.  If  unreliability  is  too 
hign,  several  otner  operator  actions  regarding  transfers  are 
iikely  to  meet  with  limited  success.  Since  the  consequences  of 
options  such  as  schedule  coordination  and  pulse  scheduling  can 
be  quite  large,  minimizing  unreliability  for  the  purpose  of 
aiding  transfers  may  in  fact  be  an  important  objective. 
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Chapter  11 

SERVICE  FREQUENCY  ON  CONNECTING  ROUTES 
11.1  Introduction 


service  frequency,  like  schedule  adherence,  is  an 
important  component  of  transit  level  of  service  which  has  broad 
consequences  extenaing  far  beyond  its  impact  on  transfers. 
Increasing  the  frequency  of  service  on  a connecting  route  with 
gooQ  scheaule  aaherence  should  decrease  the  transfer  wait  time, 
hence,  service  frequency  can  be  an  important  part  of  a transfer 
policy . 

Section  11.2  explores  current  practice  relative  to  the 
intluence  tnat  bus  service  frequency  has  on  transfer-related 
issues.  Section  11.3  compares  typical  bus  frequencies  to 
typical  rail  frequencies  with  the  viewpoint  of  setting  transfer 
policy.  Section  11.4  examines  the  several  types  of 
consequences  of  connecting  vehicle  service  frequency,  paying 
special  attention  to  the  role  of  expected  transfer  wait  time  in 
aetermining  user  satisfaction.  Finally,  Section  11.5  presents 
conclusions  concerning  the  applicability  of  other  transfer 
policy  options  given  different  levels  of  effective  service 
frequency . 
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11.2  Current  Practice 


Bus 


Frequency  of  service  on  a particular  bus  route  is 
typically  set  by  balancing  user-side  factors,  such  as  potential 
and  actual  aemand,  against  producer-side  factors,  such  as  cost 
ana  availability  of  buses  and  labor.  Other  considerations, 
including  clock-face  or  policy  headways,  or  length  of  routes, 
may  also  influence  service  frequency.  The  important  issue  to 
be  aaaressed  in  this  section  is  the  effect  of  service  frequency 
on  tne  connecting  route  on  transfer-related  issues  and  vice 
versa . 

The  reduction  of  average  transfer  wait  time  due  to  a 
higher  frequency  is,  of  course,  the  direct  effect  of  service 
irequency  on  transferring  passengers.  However,  from  the  point 
of  view  of  the  operator,  people  transferring  or  potentially 
transferring  to  a connecting  route  may  be  of  less  interest  than 
nontransferring  riders.  Since  transferring  passengers  are 
normally  far  from  a ma3ority  of  passengers  (see  Chapter  4), 
operators  usually  raise  or  lower  service  frequency  in  response 
to  nontranster-related  factors. 

The  important  exceptions  to  this  rule  arise  when  other 
transfer  options  are  implemented.  By  definition,  most  (though 
not  all)  forms  of  through-routing,  schedule  coordination,  and 
timea  transfers  require  that  the  frequencies  of  two  or  more 
routes  be  ifiatched  or  at  least  made  even  multiples  of  each 
otner.  The  operator  must  therefore  make  a choice  between 
implementing  the  transfer  option  or  maintaining  the  service  at 
its  original  frequency.  As  can  be  seen  from  the  earlier 
chapters,  many  operators  are  willing  to  adjust  frequencies  for 
tne  saxe  of  transfers.  Generally,  these  adjustments  are  not 
large,  and  fall  within  the  range  of  frequencies  that  the 
operator  might  reasonably  use  if  he  was  not  implementing  the 
transfer  policy  option. 
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An  example  of  this  is  the  set  of  actions  taken  in 
connection  with  pulse  scheduling  (Chapter  9).  The  adjustments 
in  frequency  made  to  implement  pulse  scheduling  can  affect  all 
routes,  wnich  would  not  happen  unless  service  frequency  was 
being  influenced  by  transfer-related  issues. 

On  the  other  hand,  none  of  the  timed  transfer  properties 
interviewee  adjusted  frequencies  very  far  from  where  they  would 
have  been  if  the  transfer  option  was  not  used.  Fifteen-minute 
headways  were  not  reduced  to  half-hour  headways,  nor  were 
routes  with  hour  headways  raised  to  half-hour  headways.  The 
changes  maae  were  much  smaller.  The  same  holds  true  for  the 
other  transfer  options.  Thus,  transfer-related  effects  can 
nave  some  indirect  effect  on  service  frequencies  but,  overall, 
single  route-level  demand-supply  considerations  will  usually 
predominate  in  practice.  Since  it  has  been  shown  that 
aifferent  transfer  policies  can  affect  riding  by  generally  no 
more  than  5 to  10  percent,  this  practice  appears  reasonable 
except  in  special  circumstances. 


11.3  Current  Practice  --  Rail 


Rail  frequencies,  except  in  the  case  of  commuter  rail, 
tend  to  be  higher  than  bus  frequencies.  In  the  evening,  the 
typical  ratio  is  two  or  three  trains  to  every  bus  on  individual 
connecting  routes.  During  peak  hours,  rail  and  bus  frequencies 
are  closer,  but  rail  frequencies  are  still  generally  higher. 

Of  course,  where  several  bus  routes  serve  a rail  station,  the 
effective  arrival  rate  of  buses  can  be  as  high,  if  not  higher, 
than  the  rail  frequency. 
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Rail  frequencies  are  almost  never  changed  for  the  purpose 
oi  implementing  a particular  transfer  policy  option,  for 
several  reasons.  First  is  the  typically  high  frequency  of 
rapiQ  rail,  which  tends  to  make  other  transfer  policy  options 
unnecessary  when  rail  is  the  connecting  vehicle.  Second,  it  is 
often  Qifticult  or  impractical  to  change  headways,  especially 
on  systems  where  much  interlocking  of  different  routes  goes  on. 
Frequency  increases  may  be  very  costly  in  terms  of  manpower  and 
equipment,  while  frequency  decreases  are  often  constrained  by 
aemana  levels.  Finally,  if  the  buses  and  trains  are  scheduled 
by  Qifterent  people,  cooraination  between  the  two  groups 
regarding  transfer  connections  may  be  difficult  or  impossible. 
Overall,  bus  schedules  are  almost  always  adjusted  to  fit  rail 
schedules  for  transfer  policy  purposes,  and  not  the  other  way 
around. 

11.4  Consequences 

All  discussion  in  this  section  applies  to  both  bus  and 
rail  transfers. 

Costs 

The  cost  of  increasing  service  frequency  is  quite 
significant.  Costs  will  differ  from  property  to  property,  but 
running  one  extra  ous  on  a route  for  12  hours  a day  each 
weekday  at  :?20  per  bus-hour  will  cost  approximately  $60,000  per 
year.  Furthermore,  buses  may  not  be  available  to  raise  service 
frequency  without  capital  expenditures.  Rail  frequencies  are 
difficult  to  increase  for  the  same  reason,  plus  the  added 
constraint  of  track  capacities.  These  are  reasons  why  large 
changes  in  service  frequency  are  typically  only  made  in 
response  to  overall  demand,  and  not  simply  transfer  demand. 
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user  batisfaction 


The  most  immediate  and  obvious  transfer-related  effect  of 
changing  service  frequency  is  the  alteration  of  expected 
transfer  wait  time.  As  service  frequency  increases,  expected 
transfer  wait  time  will  decrease  significantly  unless  bunching 
of  vehicles  occurs.  Several  operators  report  that  bunching 
puts  effective  practical  limits  on  how  low  expected  transfer 
wait  time  can  go  unless  mitigating  strategies  are  undertaken. 

User  satisfaction  rises  as  expected  wait  time  decreases. 

It  is  generally  accepted  that  wait  time,  of  which  transfer  wait 
time  IS  one  example,  is  more  onerous  than  in-vehicle  travel 
time.  Indeed,  transfer  wait  time  is  believed  by  many  operators 
to  ce  more  onerous  than  other  kinds  of  wait  time,  even  when 
Shelters  ano  high  security  are  provided.  This  is  likely  to  be 
true  because  the  transfer  point  is  not  near  the  trip's  origin 
or  destination,  leaving  the  rider  much  more  sensitive  to  the 
wait  time.  This  suggests  that  kiosKs  selling  newspapers  and 
refreshments,  message  boards,  etc.,  may  be  particularly  valued 
at  transfer  points. 


Ridership  and  Revenue 

The  effect  of  connecting-route  service  frequency  on 
transit  ridership,  and  hence  revenue,  is  very  important. 

Ten-  to  fifteen-minute  headways  are  believed  by  many  operators 
to  be  a threshold  at  which  transfer  ridership  increases 
significantly,  since  transferring  is  extremely  burdensome  on 
the  rider  with  larger,  uncoordinated  headways.  Futhermore,  if 
the  headways  on  a connecting  route  dropped  from  30  minutes  to 
15  minutes,  this  would  induce  a greater  percentage  increase  in 
the  rate  of  transfers  to  the  route  than  a drop  from  10  to  5 
minutes.  This  is  generally  supported  by  several  case  studies 
of  DUS  demand  elasticities,  which  support  the  theory  that 
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deinana  elasticities  are  higher  where  level  of  service  is  lower 
(e.g.,  that  further  headway  reductions  on  an  already  high- 
frequency  route  have  little  effect  on  ridership) . ^ 

11.5  Synthesis 

Changing  service  frequency  has  overall  consequences  which 
can  aominate  the  transfer-related  effects.  However,  as 
outlined,  implementation  of  a transfer  policy  option  can 
usefully  entail  adjustments  to  frequency.  This  section  points 
out  the  reverse,  i.e.,  the  major  effect  of  service  frequency  on 
aetermining  useful  transfer  options.  In  order  to  draw  such 
conclusions,  the  concept  of  "effective  service  frequency"  is 
employea.  Effective  service  frequency  is  defined  for  a 
particular  trip  in  terms  of  the  number  of  routes  traveling  over 
cne  linK  to  tne  desired  destination,  their  scheduled  headway, 
ana  the  amount  of  schedule  unreliability  and  bunching  that 
exists.  Effective  service  frequency  measures  the  amount  of 
time  a passenger  can  expect  to  wait  before  a vehicle  that  he 
can  use  arrives.  For  instance,  in  the  case  of  collector/ 
aistributor  transfers  in  the  CBD,  effective  service  frequency 
may  oe  quite  nign  because  many  bus  routes  use  the  same 
streets . 

An  effective  service  frequency  of  every  10  to  15  minutes 
IS  wiaely  regarded  as  a threshold , shorter  than  which  no  other 
transfer  scheduling  options  are  generally  needed.  It  is 
important  to  emphasize  that  effective  service  frequency  is  the 
Key,  ana  not  nominal  schedule  frequency  on  one  particular 
route . 


^See,  for  example,  Carstens  and  Csanyi,  0£.  cit . ; and 
Kemp,  "Policies  To  Increase  Transit  Ridership"  (Washington, 
D.C.:  Urban  Institute,  September  1977). 
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The  existence  of  such  a threshold  is  quite  plausible.  No 
transter  scheduling  option^  including  pulse  scheduling , can 
consistently  guarantee  a transter  wait  time  (not  necessarily 
out-or-vehicle)  of  less  than  ^ minutes ^ because  layovers  must 
usually  be  that  long  to  ensure  that  transferring  passengers 
make  connections.  Bence,  application  of  scheduling  options  to 
a route  with  10-minute  headways  cannot  significantly  decrease 
expectea  transfer  wait  time.  Since  user  satisfaction  cannot  be 
increased  significantly,  service  frequencies  on  connecting 
routes  of  unaer  10  minutes  tend  to  eliminate  the  need  to 
implement  other  scheduling  options. 
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Chapter  12 
TRANSFER  CHARGE 


12.1  Introduction 

Tne  transfer  charge  is  the  amount  of  additional  money, 
over  ana  above  the  basic  fare,  which  a passenger  pays  to 
transfer  to  a second  vehicle.  Different  classes  of  passengers 
(e.g.,  the  elderly)  may  pay  different  transfer  charges.  In 
practice,  tne  transfer  charge  takes  on  any  value  between  zero 
ana  full  (or  regular)  fare.  The  former  corresponds  to  free 
transfers,  while  the  latter  corresponds  to  not  granting  reduced 
fare  transfers  and  dispensing  with  associated  mechanisms  for 
iaentifying  transferring  passengers.  Choosing  a transfer 
charge  is  clearly  a key  element  of  a transfer  policy. 

Section  12.2  examines  the  transfer  charges  currently  in 
use  tor  bus/ous  transfers,  and  the  rationale  behind  them. 
Section  12.3  then  examines  the  transfer  charges  for  bus/rail 
and  rail/rail  transfers,  and  the  factors  which  cause  them  to  be 
set  at  particular  levels.  Section  12.4  reviews  the 
consequences  of  different  transfer  charges.  Primary  attention 
IS  given  to  bus/bus  transfers,  with  a separate  subsection 
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pointing  out  tne  unique  consequences  associated  with  bus/rail 
ana  rail/raii  transfer  charges.  Finally,  Section  12.5  analyzes 
tne  traceotts  among  equity,  ridership  and  revenue,  and  suggests 
guiaeiines  for  setting  the  transfer  charge. 

i2.2  Current  Practice  --  Bus 


The  majority  of  U.S.  transit  properties  have  bus/bus 
transfer  cnarges  of  $0.00  or  $0.05  for  full-fare  riders.  Very 
tew  properties  have  transfer  charges  between  these  two  (i.e., 
not  free  or  single  coin) , although  several  years  ago  there  were 
some  which  charged  $0.02  or  $0.03  for  transfers.  Surprisingly, 
relatively  few  properties  have  full-fare  transfers.  Therefore, 
tne  granting  of  reduced-fare  transfer  privileges  is  very 
wiaespread.  Figure  1-1  in  Chapter  1 shows  the  transfer  charge, 
broken  aown  oy  segmentation  criteria,  on  each  interviewed 
property . 

There  is  no  consistent  trend  in  transfer  charges 
over  recent  years.  Some  properties  have  raised  the  charge 
slightly,  e.g.,  from  $0.02  to  $0.05.  Other  properties  have 
lowered  their  transfer  charge.  On  average,  nominal  (and 
certainly  real)  transfer  charges  seem  to  drift  downward, 
althougn  this  tendency  is  neither  pronounced  nor  universal. 

With  some  exceptions,  most  properties  have  uniform 
transfer  charges  across  their  entire  system  (not  including 
express  and  other  special  routes) . Toledo,  an  exception,  has 
nonzero  overall  transfer  charges  but  allows  free  transfers  to 
ana  from  the  most  highly  utilized  crosstown  line.  This  is  done 
to  reduce  transferring  in  the  CBD,  particularly  by  school 
children.  Another  special  case  is  New  York  City  which,  for 
historical  reasons,  has  some  transfer  points  where  transfers 
are  tree  and  other  transfer  points  where  transfers  are  $0.25 
(formerly  but  not  presently  full  fare). 
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Variations  in  transfer  charge  often  occur  where  a regional 
transit  authority  has  jurisdiction  over  several  formerly 
independent  bus  systems.  In  this  case,  transfer  charges  for 
intracarrier  transfers  may  differ  from  transfer  charge  between 
carriers.  The  Pioneer  Valley  Transit  Authority  (Springfield, 
Massachusetts)  has  transfer  charges  ranging  from  $0.00  to  $0.10 
for  various  intracarrier  transfers,  but  a uniform  $0.10 
intercarrier  transfer  charge.  In  1976,  the  Regional 
Transportation  Authority  (Chicago,  Illinois)  introduced  a 
universal  Transfer  which  permits  transfers  between  different 
carriers.  The  cost  of  this  transfer  ranges  from  $0.10  to 
>u.3u,  aepending  on  the  basic  fare  of  the  carrier  issuing  it  in 
sucn  a way  that  the  total  trip  cost  (basic  fare  plus  transfer) 
equals  ^>0.60, 


A variety  of  rationales  exist  for  setting  the  level  of  the 
transfer  cnarge.  These  reasons  are  listed  here  in  descending 
oroer  of  importance. 

• historical; 

• Transfer  abuse; 

• Political/equity  considerations  (including  encouraging/not 
penalizing  transfers) ; 

• Revenue; 

• Public  relations; 

• Decreasing  bus  running  time;  and 

• Others  (e.g.,  lack  of  transfer  system). 

For  many  properties,  the  main  reason  for  a particular 
transfer  charge  is  historical  precedent.  Most  properties  which 
use  this  rationale  also  have  other  justifications.  However,  it 
is  clear  that  many  properties  have  not  recently  given  serious 
consideration  to  tne  level  of  their  transfer  charge. 

There  are  several  reasons  why  this  may  be  so.  In  the  case 
where  a public  transit  authority  has  taken  over  a private 
carrier,  the  transfer  charge  previously  set  by  the  private 
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Oi^erator  may  nave  been  adopted  by  the  public  authority.  In 
comparison  with  other  needed  changes,  the  transfer  charge  may 
seem  to  be  of  low  priority.  Another  possible  reason  for 
^perpetuation  of  historical  precedence  is  simple  inertia  and  the 
Qifticulty  of  changing  what  is  already  there.  A particular 
charge  tor  transfers  is  often  viewed  as  part  of  the  "framework" 
ot  transit.  The  transfer  charge  may  therefore  be  virtually 
tixea  within  the  context  of  operator  decisions. 

Reduction  of  transfer  abuse  is  the  second  most  commonly 
citea  justification  for  setting  the  transfer  charge.  A nonzero 
transfer  charge  reduces  the  "resale"  of  transfers  at  a price 
below  that  of  a full  fare  or  giving  them  away  to  friends  and 
relatives.  Operators  believe  that  fewer  people  would  take 
transfers  with  the  intent  of  later  distribution  if  they  had  to 
invest  ?0.05,  for  instance.  It  is  not  clear  how  prevalent 
transfer  abuse  of  this  type  is.  Operators  who  perceive 
transfer  abuse  as  important  all  come  from  properties  with  a 
nonzero  transfer  charge.  Systems  with  no  transfer  charge  may 
be  aware  of  or  choose  to  ignore  whatever  transfer  abuse  does 
occur. 

Another  important  factor  influencing  operator  attitudes 
towards  transfer  abuse  as  a determinant  of  transfer  charge  is 
tne  background  of  the  individual.  Operat ions-or iented 
individuals  are  much  more  likely  to  be  concerned  with  transfer 
abuse  than  those  oriented  towards  planning  or  marketing.  This 
may  be  because  operations  people  have  more  awareness  of  the 
actual  rate  ot  transfer  abuse. 

A fourth  popular  rationale  for  setting  the  level  of 
transfer  charge  involves  political/equity  considerations. 

These  are  typically  used  to  justify  a zero  transfer  charge  in 
accordance  with  one  or  more  of  the  following  reasons: 


223 


besire  not  to  penalize  transfers; 

Desire  to  maintain  low  fares  (including  transfer 
charges) ; 

Desire  to  encourage  transfers; 

Desire  not  to  penalize  transit  dependents; 

Desire  not  to  penalize  riders  from  a particular  geographic 
area; 

Desire  not  to  penalize  nonpeak  users; 

Desire  to  subsidize  long  (e.g.  suburban)  trips;  and 
Funding  issues. 

The  most  prevalent  reason  is  not  wanting  to  penalize 
riders  who  have  to  transfer.  The  feeling  is  that  transfers  are 
onerous  enough  without  requiring  people  to  pay  for  them  as 
well.  Phrased  in  another  way,  the  basic  fare  is  supposed  to 
buy  a trip  from  origin  to  destination,  not  a trip  on  a single 
bus,  and  any  other  policy  would  be  unfair  to  transferring 
t-assengers.  It  should  be  noted,  though,  that  no  operators 
assert  tnat  transferring  passengers  should  receive  a lower 
Dasic  fare  because  of  the  inconvenience  of  transfers. 

Another  important  reason  is  the  desire  to  maintain  low 
fares  as  policy.  Transfer  charges  are  set  at  zero  as  part  of 
an  overall  strategy,  and  not  because  transferees  are  seen  as 
warranting  special  treatment.  In  contrast,  some  properties 
with  grid  systems  are  interested  in  encouraging  transfers  in 
particular  by  keeping  transfers  free. 

An  entire  class  of  equity  considerations  relates  to 
perceived  differences  between  the  types  of  people  who  transfer 
and  tne  types  of  people  who  do  not  (see  Chapter  4).  Some 
operators  feel  that  a transfer  charge  would  weigh  more  heavily 
on  transit  dependents,  who  are  more  likely  to  have  to  transfer. 
On  other  properties,  the  route  structure  would  require  riders 
from  a particular  geographic  area  to  transfer  more  often  than 
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ocner  risers.  A transfer  charge  would  then  discriminate 
against  people  wno  live  in  that  geographical  area  by  forcing 
them  zo  pay  more.  Often  these  two  rationales  overlap  because 
transit  aepenaents  live  in  a particular  neighborhood  which  does 
not  receive  direct  transit  service  to  many  destinations. 

Lquity  considerations  would  then  demand  that  these  people  not 
oe  requirea  to  pay  more  for  transferring. 

A more  subtle  equity  question  relates  to  discrimination 
between  peak  and  nonpeak  riders.  Peak-hour  bus  frequencies  are 
almost  always  higher  than  non-peak-hour  bus  frequencies  at 
least  on  larger  and  nonpulse  properties.  As  discussed  in 
Chapter  11,  the  frequency  of  the  connecting  bus  is  an  important 
oeterminant  of  transfer  wait  time  and  therefore  of  the  burden 
imposea  Dy  transferring.  fience,  transfers  made  during  peak 
hours  will  oe  easier  than  transfers  made  during  nonpeak  hours. 
It  can  ce  arguea  that  imposing  a transfer  charge  would  force 
riaers  transferring  at  different  times  of  the  day  to  pay  the 
same  amount  tor  aifferent  levels  of  service. 

An  equity  issue  whose  effects  run  contrary  to  the  others 
involves  the  use  of  the  transfer  charge  as  a proxy  for  a zonal 
tare  system.  If  it  is  assumed  that  transferees  make  longer 
trips  than  nontransferees,  a non-zero  transfer  charge 
effectively  prices  long  trips  higher  than  short  trips.  While 
tnis  assumption  may  not  hold  on  many  properties  (especially 
those  Which  combine  long  radial  routes  with  a downtown 
collector-distributor  system),  using  the  transfer  charge  as  a 
substitute  for  a zone  fare  has  the  advantage  of  being  easy  to 
aaminister.  however,  few  properties  use  the  transfer  charge 
tor  this  purpose. 

The  final  political/equity  consideration  is  the  influence 
of  the  source  of  funding  on  the  transfer  charge.  Deficits  can 
De  funaed  from  several  different  sources:  general  revenues. 
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sales  taxes,  payroll  taxes,  community-  or  county-level 
assessments,  etc.  Any  geographically  based  source  of  funding 
may  constrain  the  distribution  or  pricing  of  services.  In 
particular,  there  may  be  pressure  to  maintain  the  transfer 
cnarge  at  zero  by  groups  who  would  have  to  transfer  and  who  are 
already  paying  for  transit  through  regional  or  local  property 
or  sales  taxes.  This  is  important  in  some  cases,  and  not  in 
others . 

Revenue  is  cited  by  surprisingly  few  properties  as  a 
reason  tor  having  a nonzero  transfer  charge.  The  current 
general  feeling  is  that  the  transfer  charge  is  a matter  of 
policy,  rather  than  being  directly  related  to  revenues. 

There  are  several  reasons  for  setting  transfer  charges 
wnicn  ao  not  fit  easily  into  the  above  categories.  Public 
relations  are  an  important  factor  which  lead  some  properties  to 
use  a zero  transfer  charge.  These  operators  believe  that 
riaers  are  liable  to  view  a small  transfer  charge  as  a 
nuisance,  and  to  complain  strenuously.  Another  property, 
Fresno,  California,  eliminated  the  transfer  charge  partially  to 
reauce  rider-driver  arguments  over  the  extra  fare,  and  hence 
speed  up  tne  bus.  Finally,  Lawrence,  Massachusetts  has  a full 
transfer  cnarge  solely  because  they  lack  a "good"  system  for 
handling  transfer  slips.  Once  a system  is  selected,  the 
transfer  charge  on  this  property  will  be  reduced.  Figure  12-1 
lists  examples  of  properties  where  several  of  the  above  reasons 
were  cited  as  being  important  in  setting  the  transfer  charge. 

12.3  Current  Practice  --  Rail 


Bus/rail  and  rail/rail  transfer  charges  are  considerably 
less  uniform  across  different  properties  than  bus/bus  transfer 
charges.  Tnere  are  full-fare  transfers,  half-fare  transfers. 
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Fi  gure  12-1 

REASONS  CITED  FOR  BUS/bUS  TRANSFER  CHARGE 


Reason 

Example  of  Properties 
Citing  Reason 

Transfer  abuse 

Tol edo 
Boston 
Lafayette 
Bal timore 

Pol  itical /equity 

Hartford 
Col  i/nbus 
Denver 
Lewi ston 

Revenue 

Jacksonville 
Boston 
Pi  ttsburgh 
Bal timore 

Decrease  bus  running  tine 

Fresno 

Lack  of  transfer  system 

Lawrence 

SOURCE:  Operator  interviews. 
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aime  transfers,  nicKel  transfers,  and  free  transfers. 

Kaii/rail  transfers  tend  to  be  free,  though  this  is  not  always 
tne  case.  Figures  12-2  and  12-3  provide  bus/rail  and  rail/rail 
transfer  charge  information  by  direction  of  transfer  for  each 
rail  property  participating  in  this  study. 

The  principal  reasons  for  setting  the  level  of  the 
bus/rail  transfer  charge  are  (in  descending  order  of 
importance) ; 

• his torical/insti tutional/pol i tical 

• Revenue 

• Abuse 

• Equity 

For  most  properties,  key  factors  in  determining  the  level 
of  transfer  charge  (for  bus/rail  in  particular)  are  the 
historical  and  current  relationships  between  the  bus  operating 
authorities  and  the  rail  operating  authorities,  or  between 
aifferent  rail  operating  authorities.  If  the  operating 
authorities  were  originally  or  presently  separate,  then  a 
reauced  transfer  charge  will  often  not  be  offered.  For 
instance,  in  Philadelphia  the  Red  Arrow  Division  and  the  City 
Transit  Division  used  to  be  completely  different  companies. 
Transfers  between  these  two  divisions  were  only  recently 
Offered  due  to  problems  in  allocating  revenue  and  costs. 

These  historical  considerations  tend  to  encompass 
institutional  and  political  factors.  Even  where  a particular 
transit  authority  includes  both  rail  and  bus  lines,  they  are 
often  separate  divisions  which  have  separate  accounting. 
Moreover,  tne  rail  system  is  often  funded  on  a different  basis 
tnan  the  bus  system,  whether  or  not  there  are  formally 
different  operating  authorities.  This  occurs,  among  other 
places,  in  Washington,  San  Francisco  (with  three  distinct 
systems  involved)  and  Philadelphia  (both  between  divisions,  and 
between  SEPTA  and  the  Lindenwold  system).  Political 
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Fi  gure  12-2 


BUS/RAIL  AND  RAIL/RAIL  TRANSFER  CHARGE 
(Excluding  Coimucer  Rail) 


Urban  Area 

Bus  to  Rail 
Transfer  Charge 
(cents) 

Rail  to  Bus 
Transfer  Charge 
(cents) 

Base  Fare 
(cents) 

Atl anta 

0 

0 

25 

boston 

25 

25 

25 

Chicago 

10 

10 

50 

Cl evel and 

lOi 

0 

25  (bus) 

New  York 

50^ 

50^ 

50 

Philadelphia"^ 

5 

5 

45 

Pi ttsburgh 

10 

10 

50 

San  Francisco 

25 

0^ 

25 

wasnington,  D.C. 

40 

0 

40 

^Transfer  charge  only  applies  from  local  bus  to  rail. 

^Bus/rail  transfers  are  free  at  three  transfer  points  where  bus  has 
replaceo  rail. 

^Transfers  between  Red  Arrow  and  City  Transit  Divisions  are  $0.30. 

‘+0n  AC  Transit,  free  transfers  are  issued  at  rail  station.  On  Muni, 
rider  pays  $0.25  at  rail  station  for  tw)-way  ticket. 
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Fi  gure  12-3 

commuter  kail/transit  transfer  charge 


urban  Area 

CoTiTUter  Rail  to 
Transit  Transfer 
Charge  (cents) 

Transit  to  Coimuter 
Rail  Transfer  Charge 
(cehts) 

CoTPTients 

boston 

u 

Full 

Free  only  with 
conmuter  rail 
pass. 

uetrol  t 

0 

0 

Feeder  bus  is 
free  with  two- 
part  rail 
transfer. 

New  York 

Full 

Full 

Phi  1 aael phi  a 

0-10 

0-10 

Various  transfer 
charges  between 
coTiTuter  rail  and 
bus. 

Hal f-fare 

Full 

Transfers  from 
Li  ndenwold  1 ine. 

Pi ttsburgh 

10 

Full 

Westport 

Full 

Full 

Conrail  commuter 

trains. 
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constraints  on  f unaing  may  often  dictate  a particular  level  of 
transfer  charge,  regardless  of  arguments  about  revenue,  abuse, 
or  equity. 

These  latter  consiaerations  can,  however,  be  important. 
Both  iNew  York  and  Boston,  cities  with  full-fare  bus/rail 
transfer  charges,  also  have  chronic  deficit  problems.  Such 
problems  form  a crucial  part  of  the  argument  whenever  the 
possibility  of  lowering  bus/rail  transfer  charges  arises.  The 
decrease  in  revenue  which  would  result  from  reducing  the 
transfer  charge  is  a key  consideration  in  these  cases. 

Transfer  abuse  is  another  reason  for  setting  the  transfer 
cnarge  at  a nonzero  level.  When  Philadelphia  had  a zero 
transfer  charge  there  was  a thriving  black  market  in  transfers, 
bimilarly,  one  reason  for  Boston  having  a full  transfer  charge 
is  to  eliminate  the  possibility  of  transfer  abuse  completely. 
Bus/rail  transfer  systems  which  depend  on  automatic  dispensers 
in  rail  stations  are  particularly  vulnerable  to  abuse.  It 
shoula  oe  pointed  out,  though,  that  political  considerations 
can  hold  the  transfer  charge  at  a particular  level  regardless 
of  the  amount  of  abuse.  For  instance,  the  transfers  between  AC 
transit  and  BART  in  San  Francisco  are  subject  to  a large  amount 
of  abuse,  but  a half-fare  transfer  charge  is  retained. 

Equity  appears  to  be  the  least  important  reason  for 
setting  the  level  of  the  transfer  charge  for  bus/rail 
transfers.  One  reason  for  this  appears  to  be  the  dif: 
aeciaing  on  what  equity  means  in  a given  situation.  For 
example,  one  operator  may  state  that  "a  tra 
a trip  from  origin  to  destination."  Anothe 
might  be  that  longer  trips  requiring  transf 
expensive.  A third  version  would  be  that  t 
finance  the  system  should  receive  low  fare  service. 

Figure  12-4  lists  examples  of  properties  where  each  of  the 
above  reasons  were  cited  as  being  important. 


reason 

for 

bus/rai 

• 

1 

the  di 

f f icul ty 

in 

at ion. 

For 

it  fare 

should 

buy 

version 

of  equi 

ty 

s shoul 

d be  more 

suburb 

s who 

rvice . 

where 

each  of 

the 
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Fi  gure  12-4 

REASONS  CITEO  FOR  bUS/RAIL  AND  RAIL/RAIL  TRANSFER  CHARGE 


Hi storical/lnsti tutional/Pol i tical  Reasons 


At! anta 
New  Yoric 
San  Francisco 
Washington 


Revenue 


Philadelphia 
Boston 
New  York 
Pi ttsburgh 


Abuse 


Philadelphia 

Boston 


Equity 


Atl anta 
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1 


! 

I 

i Some  aaaitional  considerations  may  also  go  into  setting 

; the  rail  transfer  charge.  Rail/rail  transfers  tend  to  be  free, 

I 

; partly  because  rail  transfers  are  usually  made  within  the  same 
i station  structure  (though  this  is  not  true  in  Chicago)  and 

I partly  because  most  rail  properties  have  only  a few  rail/rail 

! transfer  points.  Of  course,  alternative  arrangements  are 

possible.  For  example,  fare  gates  can  usually  be  placed  in  a 
manner  which  allows  a charge  to  be  placed  on  rail/rail 
transfers.  While  many  fare  gates  may  be  required  to  handle 
peak  transfer  flows,  the  current  layout  of  rail  stations 
■generally  aoes  not  necessitate  free  transfers.  Such  policies 
therefore  result  from  decisions  made  by  transit  system 
operators . 


j 12.4  Consequences 

I 

'l 

6us  Transfers 

j 

! 

Costs 

The  only  cost  consequences  from  a transfer  charge  result 
from  the  possible  slowdown  in  bus  passenger  entrance  and  the 
minor  cost  of  counting  and  handling  the  additional  revenue.  In 

j 

aoaition,  there  is  a cost  of  administering  reduced  fare  or  free 
transfers  (normally)  through  a system  of  transfer  slips, 
however,  these  costs  are  separable.  They  are  addressed  in  the 

next  chapter,  along  with  the  other  consequences  of  using 

I 

I transrer  slips. 

The  cost  of  slowing  down  the  bus  to  process  the  transfer 
charge  results  both  from  the  need  to  pay  a charge  and  from 
aisputes  which  may  develop  between  drivers  and  passengers  over 
transfer  abuse.  Several  operators  view  this  as  a significant 
factor  affecting  the  level  of  the  transfer  charge.  A small  but 
nonzero  transfer  charge  probably  slows  down  buses  the  most, 

/ 
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since  it  involves  the  exchange  of  both  a slip  and  extra  money. 

A full  tare  transfer  charge  slows  buses  down  the  least  since  no 
transfer  slips  are  involved.  A zero  transfer  charge  can  be 
assumed  to  have  an  intermediate  effect.  However,  hard  data 
concerning  how  much  the  transfer  charge  slows  down  service  and 
increases  vehicle  hours  are  not  available. 

user  Satisfaction 

The  user  satisfaction  consequences  of  bus/bus  transfer 
cnarges  are  not  perceived  to  be  significant  by  operators.  In 
general,  operators  rely  on  user  complaints  to  gauge 
satisfaction,  and  few  receive  complaints  concerning  the  level 
of  the  transfer  charge. 

On  the  other  hand,  there  is  considerable  evidence  which 
suggests  that  user  satisfaction  drops  as  the  bus/bus  transfer 
charge  goes  up.  First,  political/equity  considerations  would 
not  be  important  in  setting  transfer  charges  unless  it  was 
assumed  that  the  level  of  transfer  charge  influences  user 
satisfaction.  Second,  by  their  forecasts  of  the  effect  of 
transfer  charge  on  ridership  (see  below),  operators  do  link  the 
transfer  cnarge  and  user  satisfaction.  Third,  transferees  are, 
by  definition,  made  worse  off  by  extra  cash  expenditures, 
hence,  it  must  be  concluded  that  user  satisfaction  is  in  fact 
lowered  when  the  transfer  charge  is  raised. 

There  appear  to  be  two  factors  which  determine  how  much 
user  satisfaction  is  affected  by  a change  in  bus/bus  transfer 
cnarge.  One  is  the  disutility  associated  with  charges  for 
different  user  groups.  Low-income  riders,  for  instance,  will 
be  affected  more  by  a given  level  of  charge  than  riders  with 
higher  incomes.  The  other  factor  is  "justifiability,”  the 
feeling  among  riders  that  the  charge  is  fair  and  has  a purpose 
(e.g.,  to  make  longer  trips  cost  more).  In  the  absence  of  such 
a justifiable  purpose,  riders  often  resent  the  charge.  In  that 
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sense,  a nominal  transfer  charge  (e.g.,  $0.05)  runs  a high  risk 
of  appearing  to  have  only  nuisance  value.  However,  transferees 
tena  to  adjust  and  become  inured  to  any  level  of  transfer 
charge,  and  not  complain  directly  to  operators. 

Riaership 

both  total  bus  ridership  and  the  bus/bus  transfer  rate 
appear  to  be  sensitive  to  the  level  of  transfer  charge.  In  the 
cases  discovered  in  this  study  where  the  transfer  charge  was 
cnanged  without  making  other  major  changes  (e.g.,  in  level  of 
service) , total  ridership  increased  as  the  transfer  charge 
cropped.  however,  the  magnitude  of  the  change  was  strongly 
influenced  by  site-specific  factors  (e.g.,  existence  of  a 
subway  system ) . 

Tne  transfer  rate  is  also  related  to  the  level  of  transfer 
Charge.  Figure  12-5  lists  all  properties  participating  in  the 
study  with  transfer  rates  known  to  be  over  20  percent.  Most 
nave  a zero  transfer  charge.  On  the  other  hand,  as  shown  in 
the  figure,  there  are  several  properties  with  transfer  rates 
under  lU  percent  that  have  a nonzero  transfer  charge.  It  is 
possible  that  1)  nonzero  transfer  charges  discourage  transfers 
or  2)  properties  whose  route  structure  produces  a high  transfer 
rate  experience  pressure  to  lower  the  charge.  It  is  reasonable 
to  conclude  that  site-specific  considerations  are  probably  most 
important  in  determining  the  amount  of  transferring  exhibited 
at  any  one  time  on  any  particular  property. 

Different  types  of  riders  and  trips  will  be  affected 
differently  by  a change  in  transfer  charge.  Captive  riders,  by 
definition,  have  their  riding  patterns  altered  least  by  an 
increase  in  transfer  charge.  Shopping  and  other  discretionary 
trips  would  be  most  discouraged.  Distributor/collector 
transfers  would  probably  be  discouraged  as  well,  depending  on 
the  size  of  the  CBu. 
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Fi  gure  12-5 

RELATIONSHIP  BETWEEN  TRANSFER  RATE  AND  TRANSFER  CHARGE 


Transfer  Charge 


Transfer  Rate  Property  (cents) 


More  than  20  percent 

Eugene  0 

Fresno  0 

Brockton  0 

Everett  0 

Charleston  0 

Washington  0 

Coli/Tibus  0 

Atlanta  0 

Portland,  OR  0 

San  Francisco  0 

Lewi ston  0 

Buffalo  ^ 5 

Lafayette  5 


Less  than  10  percent 

Lawrence  30 
Toledo  5 
Pi  ttsburgh  10 
Portland,  ME  0 
Duluth  0 
Hartford  0 


SOURCE:  Operator  interviews. 
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The  ridership  effects  of  transfer  charge  can  be  explored 
further  through  use  of  demand  elasticities.  Many  studies  exist 
whicn  have  produced  fare  elasticities,  but  none  are  known  which 
ueal  only  with  transfer  charges.  Typically,  elasticity 
estimates  with  respect  to  total  transit  cost  range  from  -.1  to 
-.b8,  with  an  average  of  -.3.  It  is  useful  to  use  the  wide 
range  of  estimates  to  illustrate  changes  in  ridership  which 
would  result  trom  various  changes  in  transfer  charge  and  base 
fares.  These  are  shown  in  Table  12-1.  It  can  be  seen  that 
with  the  more  generally  applicable  elasticity  value  of  -0.3, 
total  ridership  can  decrease  by  1.1  to  10.0  percent  with  the 
transfer  charge  increases  shown  in  the  table.  Vvith  the  extreme 
elasticity  value  of  0.58,  the  ridership  decrease  could  be  as 
high  as  ly  percent. 

Revenue 

Revenue  will  typically  increase  as  the  bus/bus  transfer 
charge  goes  up,  oue  to  the  generally  inelastic  demand  for 
transit.  The  ridership  examples  calculated  above  from  various 
elasticity  estimates  can  be  used  to  show  how  total  revenue  and 
transfer  revenue  can  change  with  changes  in  the  transfer 
charge.  Table  12-2  describes  the  revenue  consequences  of 
various  scenarios.  In  most  cases  examined,  an  upward  change  in 
the  transfer  charge  did  not  cause  ridership  to  fall  enough  to 
cut  revenue. 

Total  revenue  from  transfer  charges  can  be  quite 
substantial.  On  several  properties  (excluding  New  York  City), 
transfer  revenues  run  as  high  as  $800,000  with  only  a $0.05 
transfer  charge.  Transfer  revenue  can  also  be  described  as  a 
percentage  of  basic  fare  revenue.  By  definition,  on  properties 
with  a full  transfer  charge  and  a transfer  rate  of  20  percent, 
transfer  revenue  would  be  20  percent  of  basic  fare  revenue,  or 
16.7  percent  of  total  revenue.  For  properties  with  a reduced 
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EFFECTS  OF  CHANGES  IN  TRANSFER  CHARGE  ON  TOTAL  RIDERSHIP  AND  TRANSFER  RATE 
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Table  12-2 

EFFECTS  OF  CHANGES  IN  TRANSFER  CHARGE  ON  TOTAL  REVENUE  AND  TRANSFER  REVENUE 
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transfer  cnarge,  this  fraction  can  be  easily  calculated  using 
the  applicable  charge  and  the  transfer  rate.  For  those 
properties  with  a nonzero  transfer  charge  participating  in  this 
stuay,  transfer  revenue  as  a percent  of  basic  fare  revenue 
averaged  approximately  2 percent. 

Kail  Transfers 

The  only  direct  cost  consequences  which  result  from  having 
a nonzero  bus/rail  transfer  charge  are  the  minor  costs 
associated  with  processing  additional  revenue.  There  may  also 
be  costs  associated  with  the  transfer  slip  method  used  (treated 
in  the  next  chapter) . 

Tne  user  satisfaction  consequences  of  a reduced  bus/rail 
transfer  charge  are  basically  the  same  as  those  for  bus/bus 
transfer  charges.  User  satisfaction  must  go  down  as  the 
transfer  charge  goes  up,  with  the  amount  of  change  depending  on 
the  income  of  the  user  and  the  degree  of  "justifiability"  of 
the  transfer  cnarge.  Since  bus/rail  transfers  involve  a change 
of  mode,  and  tend  to  be  part  of  longer  trips  than  bus/bus 
transfers,  riders  view  them  as  being  relatively  justified. 
Hence,  bus/rail  transfer  charge  increases  may  decrease  user 
satisfaction  less  than  would  an  increase  in  bus/bus  transfer 
charge . 

Ridership  is  definitely  affected  by  bus/rail  transfer 
cnarges.  This  is  demonstrated  graphically  on  those  properties 
such  as  AC  Transit  (San  Francisco)  and  Washington  which  have 
asymmetric  transfer  charges  for  bus/rail  transfers  (full  fare 
DUS  to  rail,  free  rail  to  bus).  On  these  properties,  the 
number  of  people  who  transfer  from  rail  to  bus  is  significantly 
greater  than  the  number  who  transfer  bus  to  rail  (i.e.,  17 
percent  more  rail  to  bus  than  bus  to  rail  transfers  in 
»(/ashing ton)  . Despite  possible  biases  in  favor  of  evening-only 
feeder  bus  use  described  in  Chapter  10,  these  data  tend  to 
indicate  tne  importance  of  the  transfer  charge. 
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using  demand  elasticities,  the  theoretical  effects  of 
cus/rail  transfer  charge  changes  can  be  calculated  in  the  same 
manner  as  oefore  (see  Table  12-1).  Revenue  effects  follow 
liKewise  (see  Table  12-2). 

In  general,  decreasing  the  bus/rail  transfer  charge  should 
decrease  revenues,  both  directly  because  of  inelastic  demand, 
ana  inairectly  because  of  transfers  being  abused.  Losses  due 
to  aouse  are  not  inconsequential,  and  may  amount  to  several 
thousand  collars  per  day  when  transfers  are  free  (much  less  for 
nonzero  charge  transfers) . Clearly,  the  consequences  of 
bus/rail  transfer  charges  can  be  quite  significant. 

12.5  Synthesis 

Each  of  the  three  levels  of  bus/bus  transfer 
charge  --  zero,  small  but  nonzero,  and  full  --  seem  to  be 
stable  ana  viable,  at  least  over  the  foreseeable  future.  Most 
transit  systems  employing  each  type  have  no  plans  to  change 
their  transfer  charge.  In  fact,  Boston,  which  is  one  of  the 
few  cities  with  a full  transfer  charge,  recently  reaffirmed  its 
commitment  to  full  charge  transfers  by  eliminating  reduced  fare 
transfers  for  school  children  ana  on  some  outlying  suburban 
routes . 

Vvhen  changes  in  transfer  charges  are  considered,  two  sets 
of  traaeoffs  are  important.  The  first  is  the  nuisance  versus 
abuse  tradeoff,  which  weighs  the  abuse  from  free  transfers 
against  the  nuisance  value  of  a small  but  nonzero  transfer 
cnarge  tor  riaers.  As  outlined  earlier,  abuse  is  a 
particularly  important  factor  in  rail  transfers.  Employing  a 
full  transfer  charge  would  evade  this  tradeoff  altogether. 

The  second  major  tradeoff  involves  equity,  ridership  and 
revenue.  Equity/political  reasons  usually  suggest  that  the 
transfer  charge  be  set  at  zero.  However,  if  the  transfer 
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cnarge  is  a proxy  for  a zonal  fare,  then  equity  may  dictate 
some  sort  of  nonzero  transfer  charge.  This  reasoning  is 
especially  true  for  bus/rail  transfers. 

If  equity  is  considered  to  be  a secondary  issue,  then 
ridership  and  revenue  become  important  considerations. 
Maintaining  a low  base  fare  to  encourage  total  ridership  may 
call  for  relatively  high  transfer  charges  for  revenue  reasons. 
A large  deficit  may  also  necessitate  raising  transfer  charges 
to  raise  more  revenue,  which  discourages  transferring. 

This  above  discussion  should  confirm  that  the  selection  of 
the  transfer  charge  depends  on  the  operator's  goals.  There  is 
no  transfer  charge  wnich  is  optimal  for  every  situation.  The 
traaeoffs  which  apply  on  each  property  must  be  assessed 
inaepenaently . 
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Chapter  13 
TRANSFER  SLIPS 

13.1  Introduction 

Transfer  slips  are  the  principal  method  for  offering 
reduced-fare  transfers.  These  slips  are  intended  to  identify  a 
passenger  as  one  who  has  already  boarded  a vehicle  on  his/her 
trip  ana  (witnin  stated  time  and  directional  limitations)  is 
entitled  to  board  subsequent  vehicles  at  reduced  fare, 
i'assengers  wishing  to  transfer  receive  a slip  from  the  driver 
of  their  bus  or  by  some  other  means.  These  passengers  then 
turn  them  in  to  the  driver  of  the  connecting  bus.  Clearly, 
issues  related  to  transfer  slips  are  only  relevant  if  the 
operator  wishes  to  charge  less  than  full  fare  for  transfers. 

Several  issues  related  to  transfer  slips  are  outside  the 
scope  of  this  study.  The  effects  of  varying  the  temporal  and 
directional  restrictions  on  transfers  are  not  analyzed,  nor  are 
the  internal  management  and  administrative  procedures 
associated  with  controlling  transfer  slips.  In  addition,  this 
chapter  will  note  the  different  kinds  of  "hardware"  that  can  be 
used  tor  transit  transfers,  i.e.,  different  types  of  transfer 
slips,  magnetic  cards,  etc.,  but  will  not  evaluate  their 
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relative  merits  in  detail.  These  subjects  are  all  highly 
interesting  and  sometimes  complex  but  are  left  to  future 
research . 

Section  13.2  examines  current  -practice  regarding  transfer 
slips  for  bus  transfers  and  their  substitutes,  while  the 
current  practice  for  rail  transfers  is  described  in  Section 
13.3.  Section  13.4  examines  the  consequences  of  using  transfer 
slips.  Finally,  Section  13.5  reviews  situations  where 
aifferent  mechanisms  for  offering  reduced-fare  transfers  are 
applicable. 


13.2  Current  Practice  --  Bus 

host  transit  properties  use  transfer  slips  to  provide 
reauced-fare  bus/bus  transfers.  Transfer  slips  are  thought  to 
be  an  integral  and  necessary  component  of  the  overall  transit 
system.  Few  operators  perceive  any  significant  problems  with 
their  usage. 

Most  transit  properties  with  reduced  but  nonzero  bus/bus 
transfer  charges  have  passengers  pay  for  transfers  when  they 
receive  the  transfer  slip  on  the  first  bus.  A small  number  of 
systems  (e.g.,  Buffalo)  require  payment  of  the  transfer  charge 
on  the  second  bus.  This  involves  two  separate  monetary 
transactions  — one  to  pay  the  basic  fare  and  receive  the 
transfer  slip,  and  one  to  return  the  transfer  slip  and  pay  the 
small  transfer  charge.  This  arrangement  does  not  cut  down  on 
transfer  abuse,  but  it  does  eliminate  user  dissatisfaction 
caused  by  investing  in  transfers  and  then  possibly  not  using 
them. 

The  use  of  transfer  slips  to  gather  ridership  information 
varies  considerably  between  properties.  Some  systems, 
especially  those  with  zero  transfer  charge,  maintain  very  loose 
administrative  controls  on  transfer  slips.  These  systems 
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generally  know  the  number  of  slips  which  are  issued  to  drivers, 
ana  sometimes  now  many  are  issued  to  passengers,  but  not  how 
many  are  actually  used  by  route,  day,  etc.  Instead,  these 
properties  ana  others  may  make  annual  or  quarterly  counts  of 
their  transfers,  on  either  a route-*by-route  or  a systemwide 
basis.  Properties  with  a nonzero  transfer  charge  tend  to  keep 
oetter  track  of  their  transfer  slips,  often  having  their 
drivers  count  the  slips  as  they  collect  them.  At  least  one 
property,  Toleoo,  weighs  the  transfer  slips  daily  to  estimate 
tneir  number. 

One  property  participating  in  the  study  (Haverhill, 
Massacnusetts) , offers  free  transfers  without  utilizing 
transfer  slips  or  any  substitute.  Haverhill's  transit  system 
has  only  three  buses,  and  they  are  all  on  a pulse  schedule. 
Since  the  buses  are  all  at  the  transfer  point  at  the  same  time, 
tne  arivers  are  able  to  see  whether  people  are  transferring 
from  the  otner  buses,  and  they  can  consult  with  other  drivers 
in  Che  event  of  a dispute.  It  should  be  noted,  though,  that 
the  transit  authority  which  administers  the  Haverhill  system  is 
planning  to  institute  transfer  slips  in  the  near  future. 

Some  systems  (including  Everett,  Viiashington)  use  daily 
passes  insteaa  of  transfer  slips.  These  paper  slips,  generally 
sold  for  twice  the  basic  fare,  allow  unlimited  riding  for  an 
entire  aay.  For  the  purposes  of  transferring,  daily  passes 
function  much  like  free  transfer  slips  with  no  directional  or 
cemporal  limitations. 

13.3  Current  Practice  --  Rail 


A variety  of  methods  are  available  for  offering  reduced 
charge  bus/rail  transfers.  Figure  13-1  lists  the  methods 
utilized  by  the  properties  participating  in  this  study, 
together  with  examples  of  cities  which  use  them. 
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Fi  gure  13-1 

BUS/RAIL  TRANSFER  METHOUS 


Method 

t Transfer  slip  issued  by  bus 

driver  or  change  booth  clerk, 
collected  by  same 

• Commuter  rail  pass  good  on 

transit 

t Two-part  rail  pass  issued  on 
train  or  in  station,  one 
part  good  tor  bus  trip 
away  from  rail  and  other 
part  good  for  bus  trip 
toward  rail 

• Transfer  to  bus  dispensed 

from  machine  in  rail  station 
at  destination 

t Transfer  to  bus  dispensed 
from  machine  at  originating 
rail  station 

• Direct  paid  area  for 

bus/rail  transfers 


Used  by 

Cleveland,  Philadelphia,  Chicago 
Detroi  t 

Detroit,  San  Francisco 

* 

AC  Transit 

Cleveland,  Philadelphia,  Washington, 
Atl anta 

Atlanta,  New  York 


• Magnetic  cara  for  transfer  to  Atlanta 

rail  obtained  on  bus 

• Rail  to  bus  transfer  obtained  Atlanta 

from  original  bus  driver 
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The  first  method  utilizes  a transfer  slip  issued  by  the 
DUS  Driver  or  change  booth  clerk  and  can  be  used  for  both 
bus/rail  and  rail/rail  transfers.  Indeed,  this  method  is  just 
an  extension  of  the  way  that  transfer  slips  are  commonly 
nanalea  for  bus/bus  transfers  so  it  may  require  few  changes  in 
operating  procedures. 

Having  a commuter  rail  pass  which  is  valid  on  rail  or  bus 
transit  is  a simple  way  of  providing  free  transfers  for  regular 
commuter  rail  riaers.  This  method  also  has  the  effect  of 
promoting  the  sale  of  passes  for  commuter  rail  riders. 

The  thira  method,  the  two-part  transfer  slip  good  for  one 
bus  trip  from  and  one  bus  trip  to  the  train  station,  is  a 
complicated  procedure  used  largely  for  institutional  reasons, 
in  Detroit,  for  example,  SEMTA  wanted  to  offer  free  feeder  bus 
service  for  commuter  rail  riders,  but  felt  it  unwise  to  have 
bus  Drivers  issuing  transfer  slips  which  were  valid  on  the 
train.  The  Decision  was  therefore  made  to  have  the  train 
personnel  issue  two-part  transfers.  In  practice,  however,  the 
train  personnel  (who  are  not  employees  of  SEMTA)  dislike 
handing  the  transfer  slips. 

The  fourth  method,  transfers  from  rail  to  bus  dispensed  at 
rail  destination  stations,  utilizes  "parking  lot-type"  ticket 
spitters  in  the  fare  paio  area.  This  method  encounters 
problems  of  abuse,  since  the  transfer  slips  are  free,  and 
aispenseo  mechanically. 

A more  prevalent  method  is  to  have  the  transfers  to  bus 
from  rail  dispensed  in  the  originating  rail  station,  with  the 
proviso  that  they  are  not  valid  at  that  station.  These  can  be 
issued  either  by  a clerk  or  by  machine.  Use  of  a clerk  could 
Drastically  reduce  abuse.  In  Atlanta,  the  machine  issuing  the 
transfer  slips  will  be  tied  to  the  entering  fare  gate,  so  that 
the  number  of  slips  issued  does  not  exceed  the  actual  number  of 
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potential  transferees.  By  issuing  transfer  slips  at  the 
originating  station,  it  may  be  possible  to  take  advantage  of 
tne  usually  even  flow  of  incoming  passengers,  and  provide  the 
same  number  of  transfer  stops  with  fewer  machines  than  would  be 
neeaed  at  destination  stations  (which  must  handle  pronounced 
peaks  in  volume) . 

A sixth  method  is  to  provide  paid  areas  where  free 
Dus/rail  transfers  can  be  accomplished  without  transfer  slips. 
Tnis  option  will  be  used  in  Atlanta  at  several  rail  stations 
ana  is  already  employed  in  New  York  at  the  terminus  of  one  rail 
line. 


For  passengers  on  buses  which  do  not  go  into  a paid 
Dus/rail  transfer  area,  Atlanta  has  magnetic  cards  (costing  one 
cent  apiece)  which  are  accepted  by  the  automatic  fare 
collection  machinery.  These  cards  also  permit  a passenger  to 
Obtain  a transfer  for  the  return  trip.  However,  those 
passengers  who  go  through  a paid  area  do  not  pass  through  a 
tare  gate  and  cannot  obtain  a rail-to-bus  transfer  in  this 
manner.  They  must  use  still  another  procedure  for  transferring 
by  obtaining  rail-to-bus  transfers  from  the  original  bus 
driver. 


13.4  Consequences 


bus  Transfers 
Costs 

Transfer  slips  are  generally  not  perceived  to  have  major 
cost  consequences.  The  costs  of  administering  transfer  slips 
are  usually  treated  as  part  of  the  overall  administration 
effort.  Estimates  of  the  time  spent  administering  and 


248 


controlling  the  slips  typically  range  from  "a  couple  of  person- 
nours  per  day”  (on  a system  issuing  550,000  transfers  per  year) 
to  approximately  one  person  full-time  (on  a system  issuing 
725, UUO  transfers).  At  the  high  end  of  the  spectrum  is  the 
Massachusetts  Bay  Trahsportation  Authority  (Bostoh),  which 
several  years  ago  estimated  the  cost  of  issuihg  free  trahsfers 
on  Duses  to  bus  riders  transferring  to  the  subway,  who  then 
transferred  to  other  buses.  The  mechanics  of  this  transfer 
woula  be  the  same  as  for  orainary  bus/bus  transfers,  and  the 
cost,  not  counting  lost  revenue,  was  estimated  at  $1  million. 
Most  of  this  cost  was  attributable  to  the  10-minute  turn-in 
time  allowed  each  driver  at  the  end  of  his  shift  to  account  for 
transfers.  Other  labor  costs  arose  from  personnel  needed  to 
aaminister  and  issue  the  transfers.  The  transfers  themselves 
were  estimated  to  cost  approximately  $100,000  per  year.  These 
estimates  proviae  some  idea  of  the  possible  maximum  costs  of 
transfer  slips. 

Use  of  transfer  slips  may  also  decrease  the  rate  at  which 
passengers  enter  the  bus,  thus  decreasing  average  running  speed 
ana  increasing  vehicle  hours.  Properties  on  which  payment  for 
the  transfer  occurs  in  the  connecting  bus  may  be  particularly 
Duraenea  by  this  effect.  Disputes  between  passengers  and 
arivers  over  transfer  privileges  also  result  in  slower  speeds, 
as  well  as  bad  public  relations.  These  delays  are  key  reasons 
citea  by  operators  who  wish  to  eliminate  transfer  slips. 
Finally,  some  time  and  cost  may  be  associated  with  counting  the 
slips,  but  if  they  are  counted  infrequently,  the  total  impact 
will  not  be  significant. 


User  Satisfaction 

Transfer  slips  appear  to  have  no  major  airect  consequences 
on  user  satisfaction.  Any  disutility  associated  with  handling 
tne  slip  is  self-limiting,  since  an  individual  always  has  the 
option  of  not  using  it  and  paying  full  fare  for  the  transfer. 
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Paying  for  transfer  slips  on  the  originating  bus  can  have  a 
minor  negative  impact  on  user  satisfaction  if  schedule 
reliability  on  the  connecting  bus  is  poor.  If  the  ultimate 
Destination  is  not  far  from  the  transfer  point  (as  in  the  case 
of  aistr ibutor/f eeder  transfers)  the  individual  who  has  already 
investea  money  in  a transfer  slip  may  be  tempted  to  walk  and 
lose  the  investment  rather  than  wait  an  indeterminate  amount  of 
time.  t^hen  this  occurs,  there  are  apt  to  be  many  complaints 
from  frustrated  transferees.  Generally,  however,  the  impacts 
tnat  transfer  slips  have  on  user  satisfaction  are  minor. 

Ridership  and  Revenue 

Since  transfer  slips  have  little  impact  on  user 
satisfaction,  tney  will  not  significantly  affect  ridership  and 
revenue  directly.  Their  only  impacts  will  be  the  indirect 
effects  which  arise  from  their  use  in  allowing  properties  to 
offer  reduceo-fare  transfers  (see  the  previous  chapter). 

Rail  Transfers 

In  contrast  to  bus/bus  transfer  slips,  methods  for 
providing  bus/rail  transfers  generally  have  quite  significant 
cost  consequences.  Rail  stations  must  handle  large  volumes  of 
passengers.  Since  transfer  slips  of  the  ordinary  bus/bus  type 
must  be  accepted  by  a person  for  validity  checks,  a mere 
extension  of  bus/bus  transfer  procedures  to  bus-to-rail 
transfers  will  not  work  without  extra  cost. 

The  principal  cost  consequence  of  bus/rail  transfers  in 
most  cities  therefore  comes  from  the  need  to  add  gatemen  and 
change  clerks  in  the  rail  stations  to  issue  and  collect 
transfers.  A 1976  Boston  study  estimated  the  total  additional 
labor  cost  of  bus/rail  transfers  to  be  $1.95  million  annually. 
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including  Dus  driver  time  for  accounting  for  the  transfers) . ^ 
Those  cities  with  only  rail-to-bus  transfers,  of  course,  need 
not  worry  about  the  latter  cost.  Other  costs  include 
the  transfer  slip  itself  (estimated  as  a yearly  total  of 
>225, uOu  in  Boston,  and  one  cent  per  magnetic  card  in  Atlanta), 
tne  transfer-dispensing  machines  (where  used),  and  the  extra 
cost  of  station  construction  when  a paid  area  is  included. 

The  method  of  providing  bus/rail  transfer  slips  also  has  a 
significant  indirect  effect  on  user  satisfaction,  ridership  and 
revenue  because  of  the  constraints  which  it  places  on  the  level 
of  transfer  charge.  Washington  and  San  Francisco,  with 
automated  tare  collection  equipment,  have  found  it  impossible 
to  otter  free  bus-to-rail  transfers.  Indeed,  in  Washington 
free  bus/rail  transfers  would  be  offered  in  both  directions  if 
not  for  this  problem;  therefore,  riders  experience  a higher 
total  tare  (and  thus  a lower  user  satisfaction)  as  a 
consequence  of  the  type  of  transfer  slip  used. 

user  satisfaction  is  also  affected  if  the  transfer  slip 
procedure  requires  the  passenger  transferring  from  bus  to  rail 
to  wait  in  a long  line  instead  of  going  directly  through  the 
turnstiles.  Similarly,  if  the  transfer  dispensing  machines  are 
out  of  order,  the  entering  passenger  must  wait  to  get  a 
transfer  from  a clerk  instead  of  going  directly  through  the 
turnstiles.  In  either  case,  the  rider  is  faced  with  the  choice 
of  not  getting  a transfer  or  waiting  in  line,  necessarily 
reducing  user  satisfaction. 

The  method  of  offering  reduced  fare  transfers  can  in 
addition  affect  the  amount  of  abuse  which  occurs,  and  hence 
revenue  which  is  received,  even  after  factoring  out  the  effects 
of  the  transfer  charge.  Transfers  issued  by  machine 

^Massachusetts  Bay  Transportation  Authority,  Report  of  the 
Fare  Review  Task  Force , Phase  III  (Boston,  Mass.,  November 
1^76) . 
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(especially  in  the  destination  station)  tend  to  be  more  easily 
aousea  (with  consequent  revenue  losses) , because  many  extra 
transter  slips  can  be  taken  by  an  individual.  Various 
strategies  for  locating  the  transfer  machines  can  be  tried  to 
alleviate  this  problem,  but  it  is  inherent  in  the  nature  of  the 
automated  transfer  slip  distribution  system. 

13.5  Synthesis 


At  the  present  time,  there  seem  to  be  three  major  methods 
of  offering  reduced  fare  for  bus/bus  transfers:  transfer  slips, 
aaiiy  (or  longer-term)  passes,  and  transfers  without  transfer 
slips.  The  first  two  are  very  common.  The  third  alternative 
is  relatively  rare,  but  has  some  potential  new  applications. 

Bus/bus  transfers  can  be  accomplished  without  transfer 
slips  in  three  sets  of  circumstances:  complete  absence  of 

reaucea-fare  transfers,  a small  number  of  buses  which  are  on  a 
pulse  scheaule  (as  in  Haverhill),  or  a restricted-access 
facility  (e.g.,  terminal)  at  the  single  transfer  point  on  a 
system.  Creating  the  first  of  these  situations  by  instituting 
a full  transfer  charge  clearly  has  fare  consequences  which 
aominate  the  transfer  slip  effects  (see  Chapter  12).  The 
second  situation  is  highly  unusual,  and  is  not  a viable 
strategy  tor  any  but  the  smallest  systems.  There  are  many 
cities,  however,  in  which  all  transferring  occurs  at  one 
location  in  the  CBD.  A restricted-access,  off-street  terminal 
facility  would  allow  reduced-fare  transfers  without  transfer 
slips  and  their  associated  costs.  However,  such  a terminal  is 
expensive  to  build  and  could  not,  of  course,  be  justified 
solely  on  the  basis  of  the  benefits  received  from  eliminating 
transfer  slips. 
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in  contrast,  tnere  appear  to  be  many  viable  methods  for 
ottering  reaucea-fare  bus/rail  transfers.  None  of  them, 
nowever,  are  flawless.  Methods  for  providing  rail-to-bus 
transfers  appear  open  to  abuse  in  many  cases,  especially  when 
the  oispensing  of  transfer  slips  is  done  by  machine. 

Bus-to-rail  transfers  generally  require  added  labor  in  the  rail 
stations,  or  else  they  cannot  be  offered  at  a reduced  rate, 
effectively  determining  the  transfer  charge  (i.e.,  full). 

The  simplest  method  of  offering  bus/rail  transfers  is  the 
one  which  is  commonly  used  for  rail/rail  transfers;  that  is, 
using  no-barrier  transfers  with  both  vehicles  in  the  same 
fare-paia  area.  This  method  entails  no  operating  costs,  but 
can  realistically  be  implemented  only  at  the  time  the  station 
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Chapter  14 

SCHEDULE  INFORMATION 
14.1  Introduction 

The  provision  of  schedule  information  is  an  option  which 
IS  of  broaa  general  interest  in  transit.  Providing  schedule 
information  is  also  an  important  component  of  a transfer 
policy.  For  this  reason,  this  study  will  examine  the 
transfer-related  effects  of  schedule  information. 

Section  14.2  reviews  current  practice  on  providing 
schedule  information  to  passengers  transferring  between  buses. 
An  important  distinction  is  made  between  schedule  information 
provided  at  the  transfer  point,  and  information  available  prior 
to  beginning  the  trip.  Section  14.3  extends  this  review  to 
schedule  information  provided  for  bus/rail  and  rail/rail 
transfers . 

Section  14.4  indicates  the  consequences  of  different 
methods  of  providing  schedule  information  to  transferees.  User 
satisfaction  is  difficult  to  measure,  but  data  are  available 
on  rider  awareness  of  the  transfer  system.  Finally,  tradeoffs 
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tnat  should  be  considered  in  making  the  decision  to  provide 
various  types  of  schedule  information  to  transferees  are 
outlined  in  Section  14.5. 

14.2  Current  Practice  --  Bus 

Schedule  information  for  bus/bus  transfers  can  be  provided 
at  the  transfer  point,  or  prior  to  the  start  of  the  transit 
trip.  The  schedule  of  connecting  buses  at  transfer  points  can 
be  proviaed  in  many  ways.  Printed  schedules  can  be  posted 
(often  behind  a plexiglass  shield),  distributed  by 
transit  personnel  (e.g.,  at  main  downtown  transfer  points),  or 
otherwise  made  publicly  available  (e.g.,  through  "take  one 
please"  pockets) . Depending  upon  the  exact  method  chosen, 
periodic  actions  may  be  required  on  the  part  of  the  operator  to 
replace  the  schedules  as  they  become  outdated,  depleted  or 
vandalized.  Directions  to  the  location  of  connecting  bus  stops 
can  also  be  posted. 

Information  about  whether  the  connecting  bus  is  late  can 
be  provided  either  by  transit  personnel  directly  or  through  the 
use  of  a message  board.  Both  require  that  the  transit  system 
have  some  means  of  communication  which  can  inform  waiting 
passengers  at  the  transfer  point  that  the  bus  is  late. 

Prior  to  starting  a trip,  potential  transferees  can  make 
use  of  several  sources  of  information.  Printed  schedules  are 
found  on  almost  all  properties,  and  many  have  telephone-based 
systems  which  convey  schedule  information,  up-to-date  service 
conditions,  or  both.  More  important  for  the  purposes  of  this 
study,  information  can  also  be  provided  which  makes  the  user 
more  aware  of  potential  transfer  opportunities  or  operator 
actions  which  make  transferring  easier.  For  instance,  many 
schedules  include  a small  map  of  the  route,  indicating  possible 
connecting  buses.  In  addition,  time  points,  often  listed  for 
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each  run  of  the  route,  can  be  used  to  estimate  when  the  bus 
will  be  at  the  transfer  point.  Printed  schedules  or  phone 
contact  can  also  supply  "best  connecting  bus"  information 
airectly,  indicating  what  time  the  rider  should  leave  to 
minimize  wait  time  at  the  transfer  point. 

Information  can  also  be  provided  on  operator  actions  which 
make  up  the  other  components  of  the  transfer  policy.  The 
scneaule  or  phone  contacts  can  indicate  which  buses  or  routes 
are  through-routea  (although  most  properties  which  through-, 
route  do  not  make  any  attempt  to  communicate  this  information 
to  their  riaers).  Dynamic  control  and  schedule  coordination 
are  almost  never  indicated  on  the  printed  schedules,  although 
they  could  be.  Some  properties  which  use  pulse  scheduling  have 
scheaules  which  list  only  the  departure  time  for  the  pulse, 
while  others  have  schedules  which  omit  mentioning  entirely  that 
pulse  scheduling  is  in  effect.  In  many  cases  the  schedule  also 
aoes  not  supply  the  information  that  buses  are  held  to 
guarantee  connections.  However,  most  schedules  do  indicate  the 
transfer  charge  and  the  procedure  for  transferring  (i.e.,  take 
a slip  before  leaving  the  first  bus) . 

There  are  several  reasons  why  operator  actions  to  make 
transferring  easier  are  not  more  extensively  publicized.  In 
the  case  of  through-routing,  operators  are  worried  that  changes 
in  aemand  patterns  will  necessitate  changes  in  the  headway  of 
one  route  of  a through-routed  pair.  If  the  through-routed  pair 
has  been  officially  acknowledged  and  has  built  up  ridership, 
breaking  it  up  will  lead  to  user  complaints  and  poor  public 
relations.  Another  transfer  policy  component,  dynamic  control, 
is  seldom  publicized  for  fear  of  attracting  extensive  use  and 
causing  excessive  perturbations  to  the  system.  The  operator 
typically  does  not  want  to  commit  himself  to  actions  which  he 
views  as  secondary,  and  would  rather  retain  the  flexibility  to 
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use  tne  option  selectively,  A belief  on  the  part  of  a rider 
tnat  (s)he  was  "entitled"  to  benefit  from  dynamic  control  could 
leaa  to  excessive  frustration  and  poor  public  relations  if 
system  efficiency  considerations  preclude  its  use  for  that 
particular  trip. 

In  view  of  the  lack  of  information  about  the  current 
transfer  policy,  most  riders  must  obtain  their  information 
through  wora-of -mouth  and  personal  experience.  This  is 
consistent  with  the  way  most  transit  information  is  obtained, 
according  to  recent  results  obtained  in  transit  market 
research^,  as  well  as  with  the  attitudes  of  transit  operators. 
The  general  feeling  is  that  regular  riders  and  transferees  will 
oe  aware  of  the  transfer  policy  without  it  being  formally 
publicizea.  Relatively  few  properties  make  special  efforts  to 
disseminate  their  transfer  policy  information  to  infrequent 
riders  or  nonriders. 

14.3  Current  Practice  — Rail 


All  of  the  schedule  information  options  reviewed  in  the 
previous  section  for  bus/bus  transfers  can  be  applied  to 
bus/rail  and  rail/rail  transfers  as  well.  In  addition,  there 
are  some  methods  of  schedule  information  provision  which  are 
utilized  only  for  bus/rail  and  rail/rail  transfers. 

As  before,  the  methods  of  providing  schedule  information 
can  be  divided  into  those  based  at  transfer  points,  and  those 
employed  before  the  start  of  the  transit  trip.  One  type  of 


^See,  for  instance,  Dick  Twedt,  "How  Long  Do  Customers 
Carry  Grudges?"  American  Marketing  Association  10th  Annual 
Attitude  Research  Conference,  1979. 
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information  which  can  be  provided  at  a bus/rail  transfer  point 
is  a map  in  the  rail  station  showing  where  connecting  buses 
stop  at  tne  station.  It  is  particularly  helpful  for  rail 
passengers  to  know  where  they  can  find  their  connecting  buses, 
because  of  the  substantial  negative  effects  of  spatial 
separation.  Several  properties  have  provided  schedule 
information  of  this  sort  at  their  rail  stations.  One  of  the 
more  ambitious  was  New  York  City,  which  experimented  with 
back-lit  maps  specifically  for  rail/bus  transfers  at  major 
Dus/rail  transfer  points.  Due  to  the  design,  however,  the  maps 
were  aifficult  to  replace  when  bus  routes  were  changed. 

Another  action  which  can  be  undertaken  at  rail  transfer 
points  is  providing  information  about  whether  the  connecting 
train  is  late.  This  can  be  done  through  the  use  of 
loudspeakers,  message  boards,  or  transit  personnel  directly.  A 
final  form  of  transfer  point  information  is  signing  at  rail 
stations  to  aid  passengers  transferring  between  rail  vehicles. 

Information  can  also  be  provided  before  the  start  of  the 
transit  trip.  One  type  of  printed  schedule  information  which 
is  frequently  provided  for  bus/rail  and  rail/rail  transfers  is 
rhe  "best  connecting  vehicle."  For  instance,  in  Cleveland  the 
scheaules  of  some  buses  which  intersect  the  rail  line  show  what 
bus  the  inbound  rider  must  take  to  arrive  downtown  by  rail  at  a 
particular  time,  and  what  train  the  outbound  passenger  must 
take  to  catch  a particular  bus.  For  both  bus/rail  and 
rail/rail  transfers,  the  walk  time  required  must  be  estimated 
conservatively  so  that  the  great  majority  of  transferees  can, 
in  fact,  make  the  connection. 

In  Philadelphia  this  type  of  schedule  information  is  taken 
one  step  further  through  provision  of  both  best  connecting 
vehicle  and  best  transfer  point  information.  A brochure  is 
published  describing  how  to  travel  between  the  CBD  and  an 
outlying  town  (a  trip  requiring  rail  and  bus) . During  the 
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weex,  tnere  may  be  three  possible  transfer  points  at  which 
buses  which  go  to  the  town  intersect  the  rail  line.  For  many 
rail  trips  outbound,  the  brochure  shows  which  transfer  point 
ana  bus  will  give  the  fastest  connection  to  the  town.  For 
trips  in  the  opposite  direction,  the  brochure  shows  which  bus 
must  be  taken  to  which  transfer  point  to  make  the  fastest 
inbound  trip.  In  both  directions,  the  time  of  arrival  of  the 
connecting  vehicle  at  the  destination  is  listed. 

It  should  be  noted  that  few  properties  which  use  rail  to 
bus  schedule  coordination  at  bus/rail  transfer  points  inform 
their  riaers  of  which  train  leads  to  the  minimum  transfer  time, 
bince  the  ratio  of  trains  to  buses  is  typically  two  or  three  to 
one  (see  Chapter  11),  the  uninformed  rider  will  only  be  able  to 
take  advantage  of  the  schedule  coordination  through  random 
chance.  However,  most  properties  seem  to  feel  that  the 
frequent  riaers  will  know  which  trains  are 
scheaule-coorainated,  and  make  use  of  them. 

14.4  Consequences 

Bus  Transfers 

Costs 

The  costs  of  providing  schedule  information  are  both 
direct  and  indirect.  The  direct  costs  include  printing 
schedules,  manning  telephones,  drawing  and  printing  maps, 
installing  and  (re)filling  plexiglass  schedule  holders.  The 
indirect  costs  are  subtle,  and  can  be  thought  of  as  a type  of 
opportunity  cost;  since  an  operator  has  publicly  stated  a 
transfer  policy,  he  often  feels  committed  to  it  even  when  it 
becomes  unproductive.  Vvhether  or  not  this  is  true  in  all 
cases,  it  is  clear  that  indirect  costs  of  this  type  must  be 

considered. 
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user  Satisfaction 


It  is  only  possible  to  indicate  in  a qualitative  way  how 
user  satisfaction  changes  with  different  methods  of  providing 
scnedule  information.  In  the  case  of  information  provided  at 
tne  transfer  point,  the  effect  is  to  inform  the  transferring 
passenger  how  long  he/she  has  to  wait  for  the  connecting  bus. 
Just  having  this  information  may  raise  the  transferee's  user 
satisfaction  by  limiting  uncertainty.  It  also  may  have  the 
turtner  effect  of  freeing  the  transferee  to  engage  in  other 
activities  (e.g.,  shopping)  until  the  bus  comes.  If  such 
alternative  activities  are  available,  the  provision  of  schedule 
information  could  be  equivalent  of  a significant  reduction  in 
wait  time,  although  no  quantitative  evidence  is  available  to 
test  this  hypothesis. 

Awareness  of  schedule  information  prior  to  the  start  of 
the  trip  has  somewhat  different  effects.  Passenger  behavior 
and  perceptions,  and  hence  user  satisfaction,  are  likely  to  be 
affected  if  the  transferring  passenger  is  aware  beforehand  of 
where  the  transfer  points  are,  and  how  long  the  expected 
transfer  wait  time  is.  Moreover,  if  the  passenger  is  aware  of 
available  through-routing,  schedule  coordination,  dynamic 
control,  or  timed  transfers,  he  may  adjust  his  route  or  time  of 
departure  to  take  advantage  of  them,  thus  raising  his  user 
satisfaction. 

There  is  some  quantitative  evidence  available  concerning 
the  awareness  of  riders  and  nonriders  regarding  transfer 
policies.  For  example,  in  Brockton,  a property  which  has  had  a 
highly  publicized  pulse  scheduling  system  for  several  years,  a 
survey  of  riders  and  nonriders  obtained  perceptions  about 
transfer  policies  and  service  levels.^  Only  11  percent  of 

^Multisystems , Inc.,  BAT  Marketing  Study,  prepared  for 
Brockton  Area  Transit  (Cambridge,  Mass.:  Multisystems,  Inc., 

September  1978 ) . 
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nonriders  believed  that  the  transfer  wait  time  was  between  0 
and  5 minutes.  More  surprisingly,  only  35  percent  of  riders 
were  aware  of  the  pulse  scheduling.  Likewise,  only  23  percent 
of  nonrioers  and  45  percent  of  riders  knew  that  transfers  were 
tree. 

Liven  that  Brockton  publicizes  its  transfer  policy 
extensively,  these  results  imply  that  riders  on  many  properties 
nave  an  even  lower  level  of  awareness  of  transfer  policies.  It 
IS  reasonable  to  assume  that  word-of-mouth  and  personal 
experience  are  the  best  sources  of  information  for  regular 
riders  making  their  regular  trips.  However,  it  appears  that  a 
large  number  of  infrequent  riders  or  transferees  would  benefit 
substantially  from  more  formal  procedures  for  disseminating 
intormation  about  the  transfer  policy. 

A final  relationship  between  schedule  information  and  user 
satisfaction  concerns  situations  when  changes  are  made  in 
transfer  policy.  Consider,  for  instance,  the  case  where  an 
operator  through-routes  two  routes,  publicizes  this  action  as  a 
formal  policy,  and  then  decides  that  the  two  routes  have  to  be 
unlinked  oecause  of  demand  shifts.  Transferring  riders  may  be 
less  satisfied  than  they  were  before  they  were  aware  of  the 
tnrough-routing  because  long-term  decisions  (e.g.,  concerning 
auto  ownership)  may  have  been  made  based  on  the  existence  of 
the  through  service.  In  at  least  some  cases,  the  net 
dissatisfaction  reported  from  such  events  has  been  significant. 
Operators  are  therefore  reluctant  to  imply  the  permanence  of  a 
given  transfer  policy  by  documenting  and  publicizing  it. 

Ridership  and  Revenue 

Ridership  will  generally  increase  only  as  the  result  of 
intormation  provided  prior  to  departure  on  the  trip. 

Information  supplied  at  the  transfer  point  will  rarely  affect 
wnether  the  trip  is  taken,  unless  the  infrequent  user  counts  on 
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tne  intormation  being  available  at  the  transfer  point.  If 
intormation  is  supplied  before  the  potential  trip,  the 
perceivea  inconvenience  of  a transfer  can  be  lessened  by  the 
awareness  of  different  transfer  options.  This  can  lead  to 
increasea  ridership  by  infrequent  users  who  were  formerly 
aeterreo  by  the  need  to  transfer. 

Kail  Transfers 

The  consequences  of  schedule  information  for  bus/rail  and 
rail/rail  transfers  are  generally  the  same  as  those  for  bus/bus 
transfers  described  above.  The  few  exceptions  are  caused 
mainly  by  rail's  fixed  facilities  and  higher  service  frequency 
of  rapia  rail.  Because  rail  facilities  are  fixed  and  service 
is  often  very  frequent,  provision  of  rail  schedule  and  route 
intormation  (for  transfers  to  rail)  is  at  the  same  time  easier 
to  proviae  but  less  important  than  schedule  and  route 
information  for  transfers  to  bus.  On  the  other  hand,  because 
It  may  not  be  immeaiately  obvious  to  the  rider  transferring 
from  rail  where  the  connecting  route  stops,  signs  and 
uirections  within  the  facility  can  raise  user  satisfaction. 

14.5  Synthesis 

If  the  schedule  and  routes  of  a transit  system  never 
cnangea,  provision  of  schedule  information  of  all  types  would 
clearly  be  the  preferred  action.  The  direct  costs  of  providing 
schedule  information  are  generally  minor  (except  perhaps  in  the 
case  of  a large  telephone-based  information  system),  and 
positive  user  satisfaction  and  ridership  benefits  would  result. 
In  particular,  riders  could  be  informed  about  all  of  the  user 
benefits  accruing  from  the  transfer  policy  without  fear  on  the 
part  of  the  operator  of  future  inefficiencies  or  public 
relations  problems. 
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however,  when  change  occurs  on  a regular  basis  on  the 
transit  system  (as  it  typically  does) , the  decision  to  provide 
scheaule  information  needs  to  be  examined  more  carefully. 

Change  can  be  causea  by  a number  of  different  factors:  demand 

shifts,  increases  or  decreases  in  available  funds,  increases  or 
aecreases  in  available  vehicles,  new  labor  contracts,  etc. 
Scneaule  changes  will  in  turn  require  adjustments  in  the 
information  provided.  These  adjustments  have  negative  direct 
cost  consequences,  caused  by  the  need  to  print  new  schedules, 
replace  them  at  transfer  points,  etc.  The  satisfaction  of 
t^revious  users  may  also  decrease  with  the  change,  or  else  costs 
are  effectively  increased  if  pressure  from  users  forces 
unproductive  policies  and  actions  to  be  maintained. 

From  the  viewpoint  of  providing  information  relating  to 
transfers  and  transfer  policies,  the  key  factor  in  the 
inrormat lon/cos t tradeoff  is  the  rate  at  which  each  facet  of 
the  system  changes.  Route  structure,  for  instance,  is  usually 
more  staole  than  schedules,  so  listing  transfer  points  in  a 
scneaule  is  less  of  a problem  than  listing  schedules  of 
connecting  routes,  especially  in  the  case  of  rail  routes. 

Also,  the  "best  connecting  vehicle"  may  change  as  the  result  of 
a small  change  in  the  schedule.  This  may  account  for  the  fact 
tnat  few  properties  put  "best  connecting  vehicle"  information 
in  their  printed  schedules. 

Each  operator  must  determine  whether  providing  information 
about  a particular  component  of  his  transfer  policy  is  ruled 
out  by  the  need  to  make  periodic  adjustments  in  schedules  ana 
routes  and  thereby  void  implicit  "promises"  which  are  made  by 
formally  publicized  policies.  In  the  absence  of  any  such 
overriding  reason  not  to  inform  the  riding  public  about 
operator  actions  which  make  transferring  easier,  supplying  such 
information  can  only  raise  user  satisfaction,  ridership,  and 
revenue. 
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Chapter  15 
MARKETING 

15.1  Introduction 

The  final  transfer  policy  component  to  be  considered  in 
tnis  stuay  is  the  use  of  transfer-related  marketing  initiatives 
by  the  transit  operator.  Such  incentives  might  focus 
completely  on  transfers,  be  part  of  a broader  marketing  effort, 
or  utilize  transfers  incidentally  to  market  other  aspects  of 
cne  transit  system.  The  consequences  of  such  incentives  again 
cover  cost,  user  satisfaction,  ridership  and  revenue. 

Section  15.2  explores  the  transfer-related  marketing 
initiatives  implementea  or  proposeo  by  operators  of  both  bus 
and  rail  transit  properties.  There  have  been  only  a few  cases 
in  wnich  transfers  were  the  focal  point  of  a marketing  effort, 
and  these  have  occurred  only  when  the  transfer  policy  has  some 
important  distinguishing  feature.  However,  use  of  transfers  as 
part  of  other  marketing  initiatives  is  relatively  common.  It 
is  thus  difficult  to  isolate  the  transfer-related  costs  of 
marketing  efforts.  User  satisfaction,  ridership,  and  revenue 
gains  from  transfer-related  marketing  are,  however,  possible 
ana  are  aiscussea  in  Section  15.3. 
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Id. 2 Current  Practices  --  Bus  and  Rail 


Transt er-related  marketing  initiatives  which  focus 
i^rijiiarily  on  some  aspect  of  the  transfer  system  are  rare.  When 
SUCH  a focus  occurs,  the  aspect  must  be  somewhat  unusual,  and 
must  potentially  affect  a significant  proportion  of  riders 
systeiawiae.  Transfer  charge  and  pulse  scheduling  are  the  two 
systemwide  components  of  a transfer  policy  most  likely  to 
oecome  the  object  of  a iTiarketing  campaign. 

In  Chicago,  tne  Regional  Transit  Authority  "Universal 
Transfer"  proviaes  one  example  of  a situation  in  which  adoption 
of  reaucea-fare  transfers  between  different  carriers  has  been 
marketea.  When  it  was  introduced  in  1976,  the  Universal 
Transter  was  marketed  by  means  of  brochures,  car  cards,  and 
newspaper  aas.^  In  1977,  it  was  made  the  centerpiece  of 
another  marketing  campaign  that  aimed  to  increase  use  and 
awareness  of  the  Universal  Transfer  by  means  of  television  and 
newspaper  aavertisements . Although  other  properties  have 
marxetea  cnanges  in  their  transfer  charge,  these  usually  are 
part  Of  a wider  fare  change  so  that  the  transfer  charge  is  not 
a significant  part  of  the  marketing  effort. 

Pulse  scheduling,  because  it  is  a pervasive  component 
which  affects  route,  schedules  and  transfer  wait  times 
systemwide,  also  has  been  the  focus  of  marketing  efforts. 
Brockton  and  Westport  in  particular  have  made  pulse  scheduling 
key  elements  of  their  marketing  strategies,  although  both  give 
attention  to  other  facets  of  their  system.  Pulse  scheduling  is 
marketed  on  tne  basis  of  its  simplicity  and  comprehensibility, 
as  well  as  because  of  the  shortened  transfer  wait  times. 

Again,  the  marketing  media  have  included  newspaper  ads,  car 
cards,  anc  the  like. 


^Brian 
the  Chicago 


Cudahy, 
Area, " 


"The  Universal  Transfer:  Getting  Around 

Transit  Journal  (Summer  1977). 


265 


In  aadition  no  the  time  and  cost  attributes  of  transfer 
policy  options,  it  is  possible  to  market  the  transit  system's 
"responsiveness."  That  is,  the  "minor"  version  of  schedule 
coorainat ion,  in  which  individual  runs  are  adjusted  to  promote 
user  satisfaction,  is  an  excellent  way  to  influence  attitudes 
of  users  ana  nonusers  alike.  Even  if  few  such  changes  are 
actually  maae,  the  indication  that  the  institution  is  trying  to 
oe  responsive  to  user  needs  almost  always  has  strong,  positive 
effects . 

Many  properties  promote  transfers  as  part  of  broader 
marketing  efforts.  E'or  instance,  properties  often  produce 
brochures  describing  their  special  services,  including 
orochures  on  how  to  transfer.  The  transfer  policy  can  also 
oenefit  from  advertisements  and  schedule  information 
distribution,  which  are  not  primarily  directed  toward 
transfers . 

Transit  tare  prepayment  (TFP)  plans  are  an  important 
example  of  transfers  being  marketed  as  part  of  a larger  effort. 
These  plans  usually  promote  ridership  by  offering  the  frequent 
rider  a discount  on  the  basic  fare.  A side  effect  is  often 
that  the  transferring  rider  can  receive  free  transfers, 
nowever,  depending  upon  modal,  directional  and  temporal 
restrictions  on  the  passes  (e.g.,  no  counterflow  riding  during 
peaK  hours) , TFPs  may  promote  overall  ridership  without  having 
ma3or  transfer-related  effects. 

Transfer  slips  can  also  be  used  as  part  of  marketing 
campaigns  which  have  nothing  to  do  with  transfers.  For 
example,  a special  promotion  might  be  organized  in  which  retail 
establishments  offer  their  customers  return  fares  in  exchange 
for  transfer  slips.  Or  properties  might  allow  their  transfer 
slips  to  be  used  as  daily  passes  on  weekends.  Depending  on  the 
regular  transfer  charge,  such  a daily  pass  may  not  encourage 
transferring  per  se , but  would  serve  as  a marketing  tool  for 
promoting  overall  ridership. 
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Tnese  examples  of  transf er-relatea  marketing  are  not  meant 
CO  be  all-inclusive.  Marketing  initiatives  are  limited  only  by 
tne  imagination  of  the  operator,  and  vary  from  property  to 
property  accoraing  to  the  goals  of  the  operator,  the 
cnaracteris tics  of  the  system,  and  the  resources  available, 
however,  these  examples  span  the  range  of  transfer-related 
initiatives  ana  suggest  types  of  marketing  initiatives  that  can 
be  implemented. 

15.3  Consequences 

Cost 

As  was  statea  in  the  introduction  to  this  chapter, 
reliable  estimates  of  the  costs  of  transfer-related  marketing 
efforts  are  site-specific  and  specific  to  the  marketing 
program.  however,  it  should  be  pointed  out  that 
transfer-related  marketing  can  often  be  accomplished  at  low 
cost.  Radially-oriented  transfer  systems,  for  instance, 
typically  have  many  fewer  transfer  points  than  bus  routes, 
making  it  simple  to  explain  the  transfer  component  of  the 
system.  On  the  other  hand,  it  is  possible  to  spend  significant 
amounts  on  transfer-related  marketing,  especially  when  not 
mounted  as  part  of  a wider  marketing  effort. 

user  Satisfaction 

Marketing  can  cause  changes  in  awareness,  attitude,  and 
behavior  on  the  part  of  users  and  nonusers.  Transfer-related 
marketing  has  proven  successful  on  many  properties  not  only  in 
affecting  attitudes  towards  transfers,  but  also  toward  other 
facets  of  the  transit  system. 

Consiaer  first  the  effects  of  transfer-related  marketing 
on  user  awareness.  Marketing  has  been  used  to  raise  the 
awareness  of  different  market  segments  regarding  the  existence 
of  reducea-fare  transfers,  pulse  scheduling,  and  other 
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components  ot  the  transfer  policy.^  At  the  same  time,  some 
operators  have  found  that  such  marketing  can  make  people  aware 
ot  the  coverage  and  services  provided  by  the  system  as  a whole. 
This  effect  may  be  accentuated  if  the  marketihg  effort  is 
airectea  towara  marKet  segments  which  use  only  part  of  the 
transit  system  (e.g.,  for  CBD-oriented  work  trips)  or  who  only 
ride  infrequently. 

Transfer-related  marketing  efforts  can  also  affect 
attituaes  ana  perceptions.  For  instance,  marketing  can  alter 
the  perception  that  trahsfers  are  onerous  by  promoting  aspects 
ot  the  transfer  policy  which  make  transfers  easier.  This  is 
especially  useful  on  properties  with  low-frequency  routes, 
wnere,  unless  they  are  informed  otherwise,  people  may  assume 
that  they  will  have  a long  wait  for  the  connecting  vehicle. 

Transfer-related  marketing  has  also  been  directed  toward 
changing  attitudes  not  related  to  transfers.  For  instance,  on 
one  property  the  fact  that  all  buses  pulsed  at  one  central 
i^oint  in  the  CBD  was  used  to  focus  attention  on  the  CBD  itself 
with  the  objective  of  inducing  development  there.  Pulse 
scheduling  thus  was  used  as  a tool  in  a much  broader  marketing 
effort. 


Ridership 

Increased  ridership  is  another  possible  result  of 
transfer-related  marketing.  E'or  example,  those  systems  using 
pulse  scheduling  which  have  experienced  large  gains  in 
ridership  are  those  which  marketed  the  distinctive  features  of 
the  transfer.  Also,  the  Chicago  RTA  Universal  Transfer 
marketing  campaign  produced  a 50  percent  rise  in  the  use  of  the 


^For  instance,  a two-month  marketing  campaign  in  Chicago 
for  the  RTA  Universal  Transfer  raised  awareness  of  it  among  a 
random  population  sample  from  15  percent  to  52  percent. 
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I transfer  over  a two-month  period.  Furthermore,  the  use  of 

transfer  slips  in  Milwaukee  as  a Sunday  all-aay  pass  (at  a 
single  fare)  produced  large  increases  in  ridership.  Thus, 
marxeting  ef torts  which  focus  on  transfers  and  those  which  use 
transfers  incidentally  both  have  the  potential  of  changing 
oenavior  ana  attracting  ridership. 

It  is  unclear  which  market  segments  are  most  likely  to 
change  their  riaing  oehavior  as  a result  of  transfer-related 
marketing  efforts.  On  complex  systems,  many  transit-riding 
segments  may  be  affected  by  a marketing  campaign  if  it 
increases  the  awareness  and  comprehensibility  of  the  system, 
oroups  of  transit  riders  who  transfer  infrequently  may  be 
' inauced  to  riae  and  transfer  more  for  discretionary  trips, 

tinally,  some  groups  of  nonriders  may  respond  to 
transfer-related  marketing,  especially  those  which  include 
reduceu-fare  ana/or  wait  time  components. 


Revenue 

Tnere  are  two  types  of  revenue  effects  which  occur  as  the 
result  of  transfer-related  marketing.  Obviously,  if  new 
full-fare  ridership  is  attracted,  revenues  will  increase.  On 
the  other  hand,  if  the  marketing  campaign  includes  a reduced- 
fare  promotion  of  some  type,  revenues  will  not  necessarily 
follow  the  increase  in  ridership.  In  these  cases,  it  must  be 
determined  whether  the  gain  in  revenues  from  increased 
ridership  covers  the  loss  in  revenue  from  the  reduced-fare 
promotion.  Some  properties  claim  to  have  increased  their  net 
revenue  through  reduced-fare  transfer-related  promotions,  not 
even  counting  the  long-term  effects  of  increasing  people's 
awareness  of  the  system,  and  getting  more  people  "experienced" 
with  transit.  Of  course,  in  order  for  these  promotions  to  have 
beneficial  long-term  effects,  the  quality  and  reliability  of 
service  promised  in  the  promotion  must,  in  fact,  be  delivered. 


269 


l 


15.4  Synthesis 


There  are  tradeoffs  which  the  transit  operator  must 
consider  when  deciding  whether  to  implement  transfer-related 
marxeting.  On  one  side  is  the  cost  and  administrative  effort 
involved  in  mounting  a marketing  campaign.  These  costs  may  be 
minor,  of  course,  if  the  transfer  aspect  is  part  of  a larger 
marxeting  effort.  On  the  other  hand,  there  are  several  factors 
which  would  render  transfer-related  marketing  worthwhile.  If 
cne  transfer  system  has  distinctive  features,  such  as  pulse 
scneouling,  transit  malls,  transfer  slips  which  entitle  the 
holder  to  other  privileges  besides  transfers,  and  transfers 
which  are  good  on  more  than  one  carrier,  marketing  may  be 
productive.  Anything  out  of  the  ordinary  about  the  transfer 
system  may  provide  a good  focus  for  the  marketing  campaign  if 
it  improves  tne  typical  level  of  service,  is  discrete  and  easy 
to  explain,  and  does  not  provide  an  opportunity  for  overuse 
which  would  be  detrimental  to  the  system  (e.g.,  see  the  earlier 
discussion  on  dynamic  control  in  Chapter  8). 

Any  particularly  onerous  feature  of  the  transfer  system 
may  also  justify  a marketing  effort.  For  instance,  if  an 
operator  is  altering  the  route  structure  in  such  a way  as  to 
increase  the  number  of  transfers  needed  (i.e.,  bus  route 
consolidation  at  rail  stations) , marketing  efforts  which 
explain  why  tne  change  could  help  mitigate  this  problem.  When 
transferring  passengers  must  walk  a significant  distance  to 
transfer,  marketing  can  lessen  their  uncertainty  about  where  to 
go,  or  about  the  environment,  and  highlig'ht  productive 
opportunities  whicn  exist  on  such  a walk.  In  such  cases,  the 
marketing  may  have  positive  effects  beyond  mitigating  the 
onerous  aspects  of  the  transfer. 


270 


! 


It  remains  uncertain,  however,  whether  marketing  directed 
towara  transfers  is  appropriate  on  properties  whose  transfer 
system  has  no  special  attributes.  It  is  always  possible  to  run 
a promotion  which  utilizes  transfer  slips,  as  in  the  case  of 
all-aay  passes  or  retail  promotions,  and  these  will  usually  oe 
wortnwhile.  However,  simple  marketing  of  the  "ordinary" 
service  which  most  potential  users  are  aware  of  is  not  likely 
to  be  proauctive. 

This  concludes  tne  araft  report  on  the  state  of  the  art  of 
transit  transfer  policies  and  costs.  Demonstration 
recommenaat ions  and  operator  guidelines  for  bus/bus  and 
bus/rail  transfer  policies  are  also  being  produced. 
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Appendix  A 

TRANSFER  BIBLIOGRAPHY 

The  following  bibliography  contains  the  important 
transfer-related  materials  which  have  been  reviewed  for  this 
stuoy.  The  references  are  organized  into  categories  according 
to  their  areas  of  applicability  to  this  work.  The  first 
category  represents  demand-side  literature  utilized  in  the 
stuay.  The  second  contains  references  which  address  bus/bus 
transfer  issues.  The  third  focuses  on  references  relating  to 
bus/rail  and  rail/rail  transfers.  In  the  fourth,  general 
transfer-related  background  material  is  cited.  The  fifth 
category  contains  general  background  information  for  various 
cities  and  transit  operations  (not  including  TDPs).  The  sixth 
ana  final  category  consists  of  other  transfer-related 
bibliographies . 
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